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FLOOD ‘CONTROL WITH SPECIAL REFERENCE TO THE 


INTRODUCTION 


The importance of ‘controlling the floods of the Mississippi River is ) DOW | 


“ey 


+ generally recognized. ‘Iti is a National problem. The Mississippi Valley con- 
ry. It must be inhabited and 


rie 


— 
This valley i is ape tan 600 miles long and 50 miles wide. The entire area i is 
prrmiess~te considered to have been formed by the river itself. It is the natural : 
bed of the river in time of flood. In it its natural state it was flooded practi-- 


‘g cally annually. This rendered intensive cultivation of the land too ‘uncertain 


, This work } has been done by. levees, which have kept the | water off the lan ] 
so that it can be ‘cultivated on an average of at least four | out of five 


Some parts of the reclaimed land have not been flooded for longer 


‘How further can the river be compressed without having it break 


- works \ were 2 not constructed? ‘The population i in the ie: is increasing and a a 
crevasse i is now of oe threat than formerly. In the further control of 


aways, and ote ‘safety measures be used? Will it be to reclaim the 


entire valley permanently? Or must some part of it be permanently or inter- 


-mittently dedicated to the service of the river? 
Every one has probably commented in watching | some piece of ‘machinery, 


~ such as the steam shovel, upon its likeness toa living thing. The steam shovel 
: guided by a man, expresses his aim, and has ‘good reasons for : appearing 


= . lifelike. | _ The Mississippi ‘River, without human aid, comes as near being | life- 


‘ like in its own right as any inanimate object in the world. It consists of 


water a and dirt aided by “gravity. Some one has calculated that its volume 
in flood would, in two weeks, fill the great Lake Erie; some one else, that its’ 
_ energy - when i in flood would, if expressed i in pounds and the square of its veloc- 
i be “measured in . quintrillions. It tears the dirt from its banks and bed. 
ad Some one else has calculated the dirt carried annually as equivalent | to a cubic 
mile in 1 volume. a large part ¢ of this dirt was formerly deposited on the allu : 
vial valley, re-fertilizing the ground and slightly raising ite The works along 
J the river and at its mouth so concentrate the flow of this dirt that | the mouth 
- of ‘the river is being extended into the Gulf of Mexico 5 ‘tiles per - 100 ) years. 
Px a The speaker has just returned from an inspection ¢ of a ‘part of the territory 


valley. In talking with those who have given the best. part of their 


Maj. -Gen., U. S. A. Cht. of Engrs. A., Washington, 
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MISSISSIPPI RIVER FLOOD. CONTROL an 
- lives to the river, he is impressed with their admission of he. results obtained 


by, levees: and oo by | the Shake of the head when there is talk of r raising 


that the the the px popu- 
ie behind it, the greater the threat of ‘the crevasse. The first three papers 


presented herewith largely furnish data on the history of the river, the — 
i “done on it, and fundamental data needed for the ‘solution, closing with an 
excellent 1 picture of the flood. and ‘its rescue work. ail In In the other papers, 


"phases of the pro oblem will be considered. _ They may 1 ay not all agree, but if one 


will follow through, he cannot fail to carry away a a greater - and broader com- 


* Refers to an illustrated address by Lt.-Col. George R. Spalding, Engrs., 


AY which is not included in ae number of Proceedings. 
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©. McD. Townsenn,* M. Am. Soo. 


ond ~The problem of flood protection is one which has vexed ‘oui for ages. 


4 -* Genesis | VI, 12, 20, 24, a a flood i is described, which was caused bya a rainfall - 
of 40 days ‘and 40 nights and which raised the waters 15 cubits, covered the 
earth for 150 days, and destroyed all animal life in its path. i This description | 


the Mississippi ‘Valley. “here 4a is an n analogy between the Ark tha 

Noah constructed as a means of flood protection and the boats and barges used 


by Secretary Hoover for the same purpose. 
The Chinese appear to have records of floods « extending | over a period of 

- 000 y years, 3, and “thirty-five years ago more e than: 1.000 000 people (some say 

7000 000) ‘perished by drowning ‘and starvation, resulting from one flood which 
came from a break through the s south dike of the Yellow River, about 20 miles 

Kai- feng City”+ annals of the countries of Europe also record 

- disastrous overflows ° with a loss of life far ‘greater than that from any which 

have occurred in the United States. The loss of life from floods in Europe 
during the past three months largely exceeds the deaths in n the United States 

the same cause during the past year. 

<= The most fertile portions of the earth’s surface are the valleys of streams 
that are periodically subject to overflow, and, ‘therefore, enriched by the 
alluvium brought down and deposited from the mountains. . This fertility 
induces | a settlement of country, and the who first tills the valley 
is prepared to lose an occasional crop by flood, relying on the increased yield 

in other - years to recoup him for his losses. In fact, in certain: regions, the 
difference in yield between hill land and bottom-land is so great that the 


Pye 


farmer reaps a ‘greater ‘profit I by tilling the bottoms, even if he loses his crop» 
ce or fourth ‘year, as is demonstrated by the high prices that are 
Ss for ee along the banks ‘of the Missouri River even when ‘unprotected, 


ers | usually a adopted Noah’s method of flood protection. They 
E built their huts or on the high ground along the river + bank, and constructed | a 
boat into which they moved with their few household goods" whenever the 


ters invaded their ‘dwellings. It is the method used by 1 the trappers 3 and ° 
-lumbermen_ living | along the bayous in the Atchafalaya. ‘Basin at the pres- 


at of 


a er ‘method of flood - protection adopted at an early date was th: 


a) building a mound c of earth or of erecting a platform : above the flood waters, eX 


* Colonel, U. S. A. (Rétired), Washington, 
ere + “Flood Problems in China,” by John R. Freeman, Past- President, 
Am. Soc. E., Vol. LEXXV (1922), D. 
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The na 


on _ which the home was locate numerous: Indian mounds: 


cacious, and i is s adapted tor rivers s which oer 
their at periods when vegetation is not 
— thereby. T 


sary to produce a crop. p. It i is s only after flood waters have covered tl the ‘land 


that: vegetation will grow. Its floods | are caused by rains originating in the 


apben, and o occur early i in the spring before the “period of planting. ‘The 
problem i in Egypt i is not to prevent floods, but to impound their surplus - arraeng 


so as to utilize them for a further flooding of the land during periods —- 


drow; ught while the crops are grow ing. In the Lower Mississippi ‘Valley: con- 
ditions are reversed. _ The floods” caused by rains falling i in the 


Seis 


mature, and “they, ai be frequently. unless" protected from 
A 7 


* The occasional loss of a crop or even the destruction of his habitation was 
of little consequence the aborigine, as civilization progresses: man 


becomes: more firmly bound to the soil. was a natural development from 


the mound 


of earth ‘on which the dwelling was “placed to > a ridge of earth | 
surrounding the area that “was: being z cultivated, and so 80 long as the area of 


land which was being tilled w was a ‘small percentage of that of the valley, 
levees could be constructed cheaply by the property| owner, which would pro- 


tect his s crops from ordinary floods. If he was ‘energetic and far- sighted, he 


“insured | his property from even the occasional overflows, which overwhelmed _ 


Ee remainder of the valley, by building his levee a little higher than. that 


of his neighbor. 


tility 


& 


valley — ie the population increased and a la larger ‘proportion of the river bed was 


yield used for agricultural “purposes, a mysterious increase in the heights and 
s, the frequency of floods was. observed, which was attributed by scientists olden 

the days to the wi wrath of the gods 

crop cuttin 

at are or held in soil which is x now yw xaising pay river ‘bed. An much 7 


het simpler solution of the mystery occurs to the engineer, , that i is, that the s same 


ae | quantity of water can only be made to flow through a . contracted channe iin 


. They increasing the head or height and thus creating a greater velocity. ey 
icted a wt In narrow river valleys with small flood discharges, this i | increase in flood 
heights i 1s. not excessive, but when | it is attempted to remove from 


rs an _Sissippi_ River about 30 000 : sq. miles of its flood channel, and contract a flow _ 


over an original width exceeding 40 miles to a channel less than 1 mile wide, a 
- the problem is a serious one. The na nations s of Europe have ‘solved the | problem 
“for r such rivers as the Rhine, ‘Seine, ‘Loire, Rhone, Po, and the Danube under | 
the conditions w which exist ‘in that region, | but it is to be noted that the flood - 
discharge of any of. these rivers is approximately that of. a large crevasse 
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THE sat, Starus oF FLoop 


When the French under Bienvielle settled the Lower Mississippi Valley, . 
they had a knowledge of the methods of flood ‘protection then, adopted in 
_ Europe, and the original grants of land contained a proviso which r required | 
"the grantee to construct and maintain a levee line along the river- -front of 
his: property. This servitude o: on the land was maintained | in Louisiana after 
it was admitted into the Union, and only ceased a reason of an amendment 
_ adopted by the State within the past five years, , which transfers it to the 
‘district in which the land is located. wait 
This ‘not. oppressive so the plantations to. be pro 
tected were limited to those in the State along the river bank, as only on 
part of the river bed was being occupied. It was “only after 


settlement extended to the neighboring States of Arkansas and Mississippi 
that an appreciable increase in floods was observed. ‘ The lands. of these a: 


were originally ; a part al the public domain, , but the “Swamp ) Act” passed by 
Congress, September 28, 1850, -eeded those ‘subject to overflow to the States 
in which they were situated, Ww ith a proviso - that the cession to the State was 


to enable it “to “construct the necessary levees and drains to reclaim the 

wamp and overflowed lands. therein.” “The States of Louisiana, Arkansas, 


ssissippi, and ‘Missouri 0 organized offices for the sale of the swamp lands, 
i any 
nd appointed commissioners for | the location and construction of levees. 


There had already been an appreciable increase in flood heights, ere 


led to the passage an Act approved September 30, 1850, 


topographical and -hydrographical survey ‘the Delta of the Mississippi 
_ River with such ‘investigations as m may lead to , determine the most practicable 


= for securing it from inundation”, ete. a The results of this survey were 


‘published in the report of Humphreys and Abbot on “The Physics and 
“Hydraulies « of the Mississippi River. » This immortal work contains a 


“entific analysis of nearly every suggestion of flood relief which is being 
advocated at the present time, and the timited data which were 
ilable are taken into consideration, it is a marvelously accurate forecast — 
of the work x necessary to. protect the valley securely. - Fig. 1 shows the average © 
-dimensions of the levee that existed i in the vicinity of Arkansas | City, Ark., in 
1882, , twenty- -one years after they submitted their report, the levee profile 
‘recommended by. them, and that suggested by the writer in 1893, and prac- 
tically adopted by the Mississippi River Commission in 1913, 
During the Civil War, the levee lines were cut by the contending forces, 
aut seriously damaged by floods. “After the Civil War local levee boards 
the ‘State organizations , originally appointed under the 


‘Swamp Act, ‘although in Louisiana, a State Board of Engineers continued | 


“exercise supervision over the local levee ‘boards: which had replaced the 


riparian owner in levee « construction. _ Although the construction of levees | by 


local boards gave more satisfactory results, than © when the riparian owner 
was the sole judge ‘of the dimensions, ‘this method. of construction was also” 


objectionable. While one district was constructing levees” of relatively large | 
ae size vee neighboring district, either from a a lack of funds | or from erroneous 
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floods would attain, n, would provide a weaker end 


-— 


2. Section Proposed by Humphreys and Abbott in 1861 am 
3-Standard Section of River Comn 
4-*Proposed Modification 


. By an Act of Congress a eee welt June 22, 1874, a commission was appointed | 


to! “make a a full report to the President of the best system for reclamation _ 


redemption of said alluvial lands: from inundation.” an. Act 
June 28, 1879, the Mississippi River Commission was created, and the duty of 
: - completing the survey authorized by the Act of June 22 , 1874, was trans- 
ferred | to ‘that body, and it was also directed “to take into consideration and 
mature such plan or plans, and e estimates as will correct, per manently locate 
deepen: the channel, and protect the banks of the Mississippi River; 


ae improve and | give safety and ease to the navigation thereof, and facilitate 


icable commerce, trade and the postal service. The Act also contained a a proviso 
were “the Commission shall report upon practicability, feasibility 

s and probable cost of the various plans known as the jetty sy stem, the levee sys- 


and the outlet "system, as well ‘others as they deem 


The Act of March 3, 1881, making sci: for the work of the 


Commission contained , however, the proviso. that “ “no portion of he 
hereby: appropriated shall be used in the repair or construction of levees for 
the purpose of preventing injury to lands by overflow, or for any purpose > 


whatever except as a means of deepening or i improving the channel of said | 


The Act of March 18, 1892, modified the wording of ‘this proviso o and 


directed “that ‘the e funds appropriated “shall be expended the — 
boards: 


der the 4 
ntinued | 


_ improvement of the river, for the building of levees and for surveys, em aan 
in such manner as in their opinion shall best i improve navigation and promote > , 


the: interests of commerce at all stages of the river. 


eed the or The Act of March | as 1917, contains : a proviso that “ no money appropriated ee. 


evees by the | authority of this” act shall be expended in the construction or 
‘Tepair of any levee ‘unless and until assurances have been given satisfactory 
to the Commission that local interests protected thereby will contribute for 


construction and repair a sum which the Commission ‘shall determine 


to be Just and but Shall not 


>- views of the height which, 
and crevasses would o 
» 

ter 

Sé 
an 

— 
&§ 
en 
e the 
precast 
erage 
rofile 
7 
d prac- 
‘ 
rroneous 


— 


the tributaries and outlets of the river so far as ‘they may be affected by its” 
- will be , noted that i n all these Acts of Congress v while the mney of 


Is Act of March 4, 1923, further ‘a its to. 


to preserve a 


on the ‘ands which are to be Comptroller 
McCarl has recently stated, “the primary obligation for protection of private 


the Government has been upon the individual States 


subdivisions within which the private property is located, Government's 
part being to assist financially in connection with the maintenance and devel- 


opment of the river as a ‘navigable stream | only in proportion to the nt 


available by s such State or subdivision.” 
‘Under 1 this construction of the law, the question of ell 
fi most important problem which Congress must consider in any project for err 
extensive development o of flood protection. The S States have transferred it 


a from the riparian owner to o the various levee districts. : Shall it now be 


assumed by t the State or by the Federal Government ? It is evident from the 


results of the 1927 flood, * that the cost: of any project for absolute security — 
will far exceed the capacity of ‘the riparian ow ners to meet their portion of 


‘the expense provided | by existing law. It is also apparent that the farmer 
tilling the less fertile hill lands of Arkansas and Mississippi will never con- 


sent to an increased taxation 1 for ‘the j purpose of further i increasing the value 
of the plantations in the delta region, and insuring | ‘the maintenance of 


It will be noted that while Congress ix in the t creating ‘the 


> 


using them for the purpose of land from overflow. ‘This 


inconsistency in legislation had its effect on action and, theref ore, 


wi levee engineers: in the Mississippi Valley 1 had not accepted the 
elusions of Humphreys and that levee construction would largely 
increase flood was a general belief that wd concentration of 


use 


phreys was then Chief of the Corps: of it was” con 
“a sidered ¢ advisable to appoint a commission of which the majority would not be 
f connected with that Corps, and thus insure a more liberal policy in -determin- 
ing the. effect of levees on channel Asa ‘majority of Congress 
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did not of appropriating public funds for the protection of 


, it was eget advisable to limit the pow pow ers | of the Commission 
Asa majority y of the » Commission which was first appointed believed that 
‘levees would i improve water navigation, a liberal of funds 
| rendered it neces- a 
e they would produce 
, instead of where they would 


‘ata’. 


in the e upper reaches: of the ‘iver, there was a tendency to. concentrate 
the allotments for levee construction along those ‘sections, and particularly 
in the sparsely populated levee districts | where - ‘the inhabitants did not have 


sufficient funds: to themselves. great impetus was given to levee 


‘construction, and a marked increase in flood heights resulted, so that not 
infrequently the protection afforde d to the weaker districts caused crevasses 


Levee construction from n 1881 to 1891 not only largely increased floo 


heights, but it also failed to ‘produce any appreciable improvement in low- water 


ton 
navigation. The Commission then investigated the effect. dredging on 


bars, and came to the conclusion that a kc a low- water navigation of ft. 
coyld be obtained temporarily by this means and could be maintained more 


economically than by either levee construction or bank revetment. Congress 


- then authorized the construction of dredges for that ‘purpose, and permitted | 


the allotment of funds for levee construction whenever it would facilitate 
“high- ‘water navigation of the Federal funds we were allotted for levee 
enlargement under this proviso, the “weaker levee d districts continued 


) derive a a greater relative benefit. wa, 


The Act of 1917 caused a radical change in the of making 
M ments by providing that at least one-third the cost of levees constructed by 
‘the United States should be borne by local authorities. ‘Under method 
of making appropriation the more populous districts became the greater bene- 
ficiaries, as they could “more readily raise the fund ired to obtain Federal _ 
fie! yo y unds required to obta edera 
assistance, The weaker districts had difficulty in keeping pace with their 
‘more fortunate neighbors. The result is clearly shown in the record of 
_ crevasses during the recent flood, which most vividly emphasizes: the Biblical 
saying that “unto every one that hath shall be given, and shall have 
| abundance; but from Sie that hath not shall be taken ; away ¢ even ven that which 5 
hel hath. ale _ The levee districts which escaped overflow owe their immunity to 


pe poverty of their les less fortunate neighbors. “bus 
In compliance with | ‘the provisions of the organic act, the Commission 


has made extensive surveys and investigations for the ‘purpose of determin- -, 
ing the practicability, feasibility, and relative cost of the various methods 
flood protection that have been proposed. results of its: investigations 


scattered through its annual for the past years, and have 
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feasible, and economic method, its process of reasoning varied 
with changes i in the ‘membership of the Commission. 


So long as a majority believed | that only an increase of | fiood height ‘of 


8 ft. should be provided for, which \ was the - provisional grade for m many years, 


the question was vas hardly worthy of serious argument. The crudest estimates — 


of cost. conclusively demonstrated levees" ‘were so m much cheaper than 


gither r reservoirs, the diversion of tributaries, or spillways, ‘that a further 


discussion of ‘the practicability or feasibility of these methods wa merely an 


_ academic compliance with the law. It was only y after a ‘majority of the Com- 
mission endorsed Humphreys’ Abbot’s views, attempted to mé make 
provision for the greatest f flood which had then occurred, a careful analy 
of the various methods of flood control became imperative. 
After the flood of 1912, such a an attempt w was made. The 


assur das a major | premise that the flood of 1882 was the greatest to. which 


assume 
levee exposed, but based its estimates on. the e flood of of 
4) 
1912 which, while of ‘shorter duration, had the same estimated “maximum 
discharge, and had been more accurately gauged and 1 measured. ¥: The Com- 


mission unanimously a greed that levees were the most economical method of 
flood protection, 
a diversity of opinion with regard to the feasibility of spillways: and. ‘the: 


‘diversion of tributaries that the discussion of these subjects was omitted frbm 


the report. ‘The views of individual members, however, were e printed as. 


_Errect or aN INCREASE IN THE CONCLUSIONS 


When Humphreys and Abbot s ubmitted thei r proj ject fo 
of the Mississippi Valley from overflow, they based t eir ‘computations on the 
“flood of 1858 which was ‘the largest t flood through the entire valley of which 


7 there was then | any record, although the flood of 1844 exceeded it above Cairo, 
I, an that of 1785 had similar characteristics to that of 1844, As stated, 
River Commission based i its estimates of levee on the 


flood discharge of ‘that of 1858, and has only 


While both ‘Humphreys a Abbot and Mississippi Ri River Commission 


~ came to the conclusion that levees were the most practicable and most eco- 
nomial method of flood protection, they based their argument on an assumed 


flood discharge, and it by no means follows that such flood discharges as are 


“now being discussed as possibilities can be more cheaply - controlled by this 
method . Any project which contemplates increasing the heights" existing 
. levees at certain localities about 15 ft., not only affects the item of cos cost, but 
~ yaises the: question of the practicability and feasibility of ‘maintaining such 
ale levee line after it has been constructed. Mississippi ‘River 
“4 flows in a anneal: 80 or 40 ft. deep, it has a powerful erosive force, and to 
_ expose levees in concave bends or across 


their destruction, 
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cost of the existing methods of levee 


qu of if absolute is dem nded for for s ‘such levees 


f ‘the height. 


abilities. are to control the 
= that ‘the economic solution. of the problem will be found in vail — 


b 


‘problem of flood control by reservoirs has been much 
the record of rainfall during the flood of 1927. It is self- evident that a 
- reservoir which will reduce flood heights must be constructed in a locality 


it it can receive the waters which the flood. This’ eliminates from 


consideration all reservoir sites in the Missouri i Valley “above ‘Kansas City, 
in the Mississippi Valley above Rock Island, and in the Ohio Valley 
; above Pittsburgh, Pa., as the rainfall in those regions did not exceed a total a 

6 in. during the months of March April. practically limits their 


Com- 
of Vocation to those | portions of the States of Tilinois: and Indiana which drain 
1 
yee into the Wabash River, the streams of Southwestern Illinois and. Southeastern 
Missouri. which discharge into the Mississippi River below St. Louis, Mo., 
: the Saiense area of the Tennessee River below the Wilson Dam, and the 
rivers of Arkansas, "Mississippi, and Louisiana which empty into” the river 
below Cairo. In this area there 1 was a rainfall exceeding 12 in. in 60. day 
of Illinois, Indiana, and Southeastern Missouri is no 
adapted to the co construction of large reservoirs. flood of 1927, 
clearly demonstrates ‘that the only reservoir or Teservoirs capable of controlling 
tection the w aters which | created it be located in the delta’ | region below Cairo, 
jon the ‘that is, in the area which it is desired to protect by their « onstruction, — 
£ which | it It is theoretically possible to create in either the St. Francis, the es 
Cairo, or the Tensas Basins, reservoirs which would have sufficient ‘storage ‘capacity 
yma to retain ‘the surplus waters | of the flood of 1927, , but ut the cost would be - 
3 on the 


excessive. _ Humphreys and Abbot suggested the utilization | of the 


has only 


it propositions to the St . Fri rancis Basin for ‘the: same purpose. In the 
pmission days” of Humphreys and Abbot, the greater” portion of the land nee ded for 
nost _ 7 such a purpose was a part of the public domain and could have been acquired . 
assumed 4 at a nominal cost. | When the utilization of the St. Francis Basin we was being | a « 
es as "considered, the State _ authorities were having difficulty i: in ‘collecting the = 
by nominal taxation levied upon ‘it. Levee construction, however, has enormously 

exis 1 


increased the value of ‘property, in both basins, and it is extremely doubtful | 


Ai 


whether the area for the | reservoirs could be acquired by the Federal Govern- 


ment at the present time for $100 per acre, when the cities ¢ and villages which 
have e sprung ‘up in | this region are taken into consideration, notwithstanding 
the x l es t have resulted 


cost, but 
ning such 
ppi River 
e, bes 


—— 
ied 
The cost.of a weir is independent of the height of the water } oe 
ates — 
han 
ther 
y an 
Yom- “4 
nake 
naly- 
which 
od 
imun — 
bs 
4 
2, 
| 
= 


{ISSISSIPPI RIVER FLOOD PROBLEM [Papers. 


_ The fact that it is estimated that more than 600 000 were ‘made 
- by this flood and that it is one of the great catastrophes of the century is ar 


striking proof of the development of the delta from levee protection. 7 — 


floods have overflowed a greater ‘area, but it then so settled 
_ _ that the disaster did not create much comment beyond the Valley. y- If, t ‘ae 
cost of condemning about 6000 sq. miles of ‘reservoir sites, is added the cost 


‘4 a embankments for retaining the water “higher than the levees which would 


be required, reservoirs can not be recommended as an economic Proposition. 


With spillways, conditions are reversed. For years, the writer has “main- 
that the existing Commission grade_ for levees below the mouth of 


: Old River is the limiting line for their ‘economical use. In a paper on 


presented before “the: Louisiana Engineering Society 1925, 
he invited attention to the fact that reduction in the flow of the “Atcha- ign 
Outlet by the closure of Old River would necessitate the 
tion of a spillway to compensate | for the increased discharge ¢ down the main §- bei 
river” which would result therefrom. . He also advocated the ‘construction of oof 
a spillway New ‘Orleans, La. which would reduce flood | heights at that Pro 
s cality, considering it a cheaper solution of the a overflow problem for that 2 

da 


than raising its docks: and the walls of the Industrial Canal tc to. the 
grade. He w was then discussing the ‘problem of lowering flood 


heights: about: 1 ft. ~The question. ceases ‘to be open to discussion, when it 
ire 


proposed to for a discharge i in the lower river 30 or 40% greater 


Although” favoring spillway spills the water, and allows” it to Mis 

: flow unrestrained t to the. Gulf, the writer also invited : attention to the danger - ord 

which arises from contracting the flow. sh The spillways: "required to reduce 
discharge now considered possible to that assumed by the Commission, | 
ae inal must have a flow exceeding that o of the ‘Yellow River i in China or that of the | be ; 
Po River in Italy. * proposed flow i in the spillway will exceed that of the 


> i South Pass of the Mississippi River, and ‘approximately equal that of South-— AB 
west Pass, or Pass 4 Loutre, the other mouths of the river. Both South Pass 


Southwest Pass have been successfully deepened by confining their flood Con; 

discharge between parallel. jetties. There are, however, hydraulic ‘engineers the ; 

who ‘assert that the same discharge can be confined between parallel levees - prov. 


in a spillway without producing scour. ‘It isa curious coincidence that the 


- width proposed after the flood of 1922, for a spillway emptying into Lake i ‘flood 


Borgne, “corresponds to the distance the shore ends of the jetties 


at Southwest Pass recommended by noted levee engineers ‘and adopted by § by th 


as the original project for its deepening to 35 ft., although a of th 
appointed by the Chief of Engineers i in 1916 reduced this. width from 6 000 ft. - rea 

to 2 400 ft. because the excessive width as first approved v was ‘unable to main- b 
channel depth exceeding 25 ft. Th The slope in Southwest Pass during 
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A o~ hole is invariably excavated in the contracted section of & a crevasse, : 


a and the material thus scoured is deposited approximately o on the are of an. 
_ ellipse ¢ enclosing the hole, and ata distance from it determined by the reduc-_ 


tion in velocity caused by the dispersion of the flow. This action is similar 

to that which creates bar at the: mouth | of the river. r. The forces which | 


create the hole at a crevasse will exist in a spillway, and if not reduced by 


a allow its water to expand will be propagated its entire length. * Some acei- 
dental cause, as an abandoned ditch or even a line of fence posts, will induce > 


a local scour and when such a channel starts, 3 it will enlarge. By such means 
both the Po and Yellow Rivers have “created channels ‘through which the 


providing for possibilities which have not yet arisen, it is 


ig The the 
= and ‘Yellow poling are historic: facts while ‘the excessive discharges now 


the spillway at Point. La a _ sufficient distance up. stream, will” 


- produce the same lowering of flood heights at New Orleans as the one ‘pro- 
ak posed at Poydras, and at less cost. t. It will | also reduce to a minimum the 


Act of Congress approved April 17, 1926, provi vides, he 


- the Secretary of War be and he is authorized 


“if directed to cause a survey to be made, and estimates of the cost of such 

controlled and regulated spillway or spillways as may be necessary for the 
diversion and control of a sufficient: volume of the por flood waters of the 
_ Mississippi | River between Point Breeze and Fort Jackson in Louisiana in 
order to prevent the waters of the river exceeding 16, 17, 18, 19 and 20 ft. 

> the “Carrollton gauge at ‘New Orleans, and of approximately 46, 47 and a 


48 ft. on the gauge at Simmesport on Atchafalaya Outlet. 

Section of the Act, however, contains | a proviso “that no shall 

be ‘constructed as 1s a result of the survey authorized by this act whereby the | 
waters of the Mississippi River would be diverted into Mississippi Sound”, 


A Board « of Engineer Officers has been _ appointed in | accordance with Peenceiat 


of this Act, and will presumably submit its report before the next session of 
Congress. The Congress could never have contemplated ‘the occurrence of 
flood of 1927 when it passed the Act, and a strict compliance with its: 
provisions under existing conditions would thw: art its ‘intent. 


The rit river attained a height « of 15.9 ft. on the Carrollton ¢ gauge during sal 
flood of 1867 7, and of 46.3 on the Red River Landing» gauge. we. The levee 
had been 3 neglected during the ‘Civil ‘War, and practically annihilated. 
k the floods of 1862 and 1867. A continuous spillway existed | on both banks: 
of the river from Baton Rouge, La., to its mouth, with the exception of the 
"area occupied by ‘the City of New Orleans. To as assume that any spillway 
can be constructed in a semi-controlled river having.< a discharge at least 50% 
“eater than that of 1867 which will only raise the gauge at Carrollton 0. 1 ft. 
Is absurd. Moreover, ‘the proviso that “no spillway constructed under the 
i law shall ‘aoe water into ‘Mississippi Sound precludes the construction of 


any spillway discharging into” Lake _ Pontchartrain or Lake Borgne, and d sug- 
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- gests as a solution of the problem, a further extension up stream el the 


spillway, recently built below Point La Hache, where: waters: 


bank of the ‘ive ‘below the Borgne Canal. not be “expected to 
reduce flood heights at Carrollton much below 20 ft. with a river discharge 


ag, gauge at Simmesport, La., can cally be maintained at 46 ft. by closing 


River and preventing the discharge of the Mississippi River from entering 


| it, ey oven then the existing reservoir at the lower end of the Tensas Basin 
will have to be maintained to. reduce the maximum discharge which it is 


assumed flowed in the nd Red Rivers during the 1927 ‘flood. The 
yp provisions of the Act which limits the survey to that part of + the. river between 
Point Breeze and Fort ie. also prevents the Board from investi- 


“gating: what gives ‘promise ‘of being the most ‘satisfactory solution of 
a problem | which is now being considered. 
‘The disastrous results of the flood of 1927 are not ‘primarily due to ‘the 
— floods of the Ohio and Upper Mississippi Rivers, but to the rainfall of 18 


25 in. which | occurred in the Lower Valley « during the flood. Early floods 


in the. rivers of Arkansas created such stages in n the 1 main river from Helena, 
Ark, to ‘Vicksburg, ‘Miss., that it destroyed what is” termed the river ’s reser- 


capacity, that. later moderate floods from ‘the upper rivers created 


gauge heights through this section far exceeding any that had been heretofore 


recorded for the same e discharge. 


When 1 the flood of 1927 wes compared with th 


that | of 1919, on which the Com 


300 000 sec- oft. by an in flood 
heights « of 5.5 ft.; while, at ‘Vicksburg, | the same flood discharge increases 
flood heights 6. 9 ft. When in addition to this disastrous condition of affairs 


- the crests of the ‘floods of the A Arkansas and White ‘Rivers poured their waters ie 
on the crest of the main river ver flood, the question arises whether the cheapest 


solution of the problem would not be to separate 1 these rivers entirely from the 
nd Mississippi and provide a separate channel for them across the. Tensas Basin. 
Commission estimated ‘these rivers would “only, add ‘to the 


flood discharge of the Mississippi about 000 sec-ft. at their 
_ mouths, relying on the reservoir capacity of the main iver, and bs lack of 


) sec- ft, to a river die reservoir capacity, of whieh has hile’ exhausted, 
the grade of the line becomes these rivers were diverted the 


reservoir capacity of the n main river would be _much greater than that 
estimated by the Commission and the flo od of 1927 \ would have been 

gated through the lower river, without the necessity of building spillways 


4 even if Old River was also closed. _ The cost of the proposed levee enlarge- 
« ment, and of sy spillways, would largely exceed the cost of such diversio : 
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of flood the would be a problem difficult 


solution for the next twenty years, during which time the > diverted flow would | 


ing 
be excavating its bed. While the ‘cost of this project may be many hundred > 


dollars less" that of any other project, that will afford complete 


protection from any possible flood, it is still So great as to raise the question 


whether th the increase in of 1: land i to be benefited would 

practicability of flood control by re reforestation, by straightening the 
“river, by, enlarging its low- water channel with | dredges, and by increasing © 

‘its ‘reservoir capacity by placing levee. lines sat a greater distance from 
oy channel, is s not affected aay a variation in n the e discharge. The « only one of 


one 
sidered is a further i increase 


reservoir floods will be increased by pean sq. ‘miles, 
the area capable of being cultivated will also be reduced by the : ‘same amount. 


The land along” the concave banks of the river is the highest land in the aa 


delta, the most highly cultivated, the location. ‘selected for the houses 


barns the inhabitants. Many levee districts” would “be. bankrupt 


_ by a change of 1 mile in the location of the levee line. | large proportion 
of the productive land which 1 now ] “pays the taxes, Ww would be left. unprotected. 


While the Commission laces latins 4 in bends at a ‘considerable distance from 


bank, it is solely to ‘protect them from river caving and insure 
The of the project also merits it If the floo 
0 


of 1927 is to be an annual ‘occurrence, it would adjust its channel to its 


- discharge, but if it does not ‘wiles occur during the next 100 years, the 1 minor 


- intermediate floods will tend to build up the river banks just as they have — 


~ for ages, and by the time the —_ flood occurs, this fill will have largely 


reduced the reservoir depths, 


has also been ‘suge gested that complete protection necessitates a change 


the s standard levee section adopted by the Commission. Ina discussion 

of the paper by the late William ‘Starling ge, M. Am. Soe. O. E. , entitled ‘ “The 

of the Mississippi River”, presented the Society in 1896 * the 


the adopted for the section differ materially from those 
about 


; Witch obtain in reservoir construction. The causes of this difference arise 
austed, from the impracticability of finding in an alluvial valley the foundation _ 
ted the impervious to water that is an essential condition in reservoir construction. 
material for | constructing the -puddled core is | also not readily obtainable, 
dmcves 2 and its value is not | so evident when it can be flanked by water passing 
propa- through a permeable foundation into the embankment beyond. >t 
llways | oa “The essential condition of levee construction is a mound of onli of 
sufficient height so that water cannot flow over its top; of ‘sufficient mass 


* Transactions, Am. Soc. C. Vol. (1896), PP. 341- S43. 
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Saeeen material will slide; of sufficient width eo po so that the water 

- flowing t through the permeable foundation will not have sufficient force to 

remove any material, it being assumed that the earth has been placed with 
«3 ‘care so that there are no channels left across the embankment through whieh 
- the waters can directly flow. This mound of earth must be protected from 
the eroding action of rains, ‘and its river surface from erosion by river cur- 
rents and waves during floods. The grade must be somewhat — than the 

flood to afford from wave action during ‘storms. 


but experience with the soils of the bottoms has 
“certain forms which are of general application. A slope of 1 on 3, when well 
— sodded with Bermuda > grass, has been found to resist the action of rain, 
of river currents and of minor waves. In localities exposed to the full force of 
waves through long reaches of the river, it is necessary either to reinforce 
» sod with some more permanent form of revetment, or to leas a — 
width of crown varying from 6 to 10 ft. ‘The width 
to be given to the crown is interdependent with the slope to be given the 
4 land side of the levee. An 8-ft. crown affords convenient space for patrolling | 
the levee line during floods, and storing such material as may be required 
to repair any damage which may be inflicted by storms. With a width of 
—erown of 8 ft., a land slope of 1 on 2 can be safely employed until the levee 
attains a height of 6 ft.; with higher ~ levees unless the soil is especially _ 
adapted to levee construction, there is a tendency to form a surface of satur a- 
tion through the mass on which the upper portion is liable to slide. Levees 
‘a not exceeding 12 to 14 ft. require a land slope of 1 to 3; above these heights 
in the upper basins of the river, trouble begins to be experienced with the 
foundation, and still gentler slopes are necessary, or the same result can : | 
attained by adding to the base a mound of earth termed a banquette. * * * — 
‘While these levee sections have resulted from practical experience rather: 
than from theoretical considerations, it may be noted that the sections most 
generally employed in recent years insure an angle of repose of dry earth on 
= clay of 14° when water is at the top of the levee, the limiting angle of © 
these sugg estions b y the writer was evolved the standard levee section : 
 @ ‘the Com mission” (Fig. 1) w ‘hi ch has been on a levee line more than 


2 400 miles in length during a period of more than 30 years, and without a 


bial 
failure from | weakness of section Naa the flood of 1927. ‘During this flood, a 


the into a mud Ww which could not withstand the 
- * due toa head of water of 6  ft., , and it is natural, to assume that the material . 
"placed in that part of the embankment was unsuited for levee ‘construction. 
the writer was Assistant to the Commission | and found material of 


. character, he did not hesitate about enlarging the levee section which 

recommended. Such a course of action was. SO self- evident that he 


| 


did not even consider it necessary to obtain the approval of the Commission 
ten this change in form. It is illustrative of the hysteria that is ‘sweeping over 
as a result of the flood that it is now proposed prohibit the 


t from exercising such a discretionary sii and to enlarg 
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‘RESUME OF MISSISSIPPI RIVER FL ne 
line to a section which will resist the water even n 
of poor material, notwithstanding the fact that ‘more than 
‘miles of levees of standard section, or weaker, successfully 1 resisted the flood 
of 1927. This proposed reform will cost about $40 000 000. 
Before making such an expenditure, however, it is advisable to make a 
further xr investigation of the ¢ causes of the conversion of this levee into mud. ud. 
Several other levees, while not failing, showed similar ; signs s of weakness, 
but it is a peculiarity of this flood alone. . In all previous floods a mound of - ; 
earth 6 ft. high, wi ith an 8- ft. ‘crown and | slopes of 1 on 3, properly ‘compacted - 
and covered with a layer of. Ber ermuda sod, could resist the water pressure 


no matter how ‘porous | the soil might be, of which it was composed, and - - 


“ates 
not protected by a revetment of Bermuda sod, rains eroded its slopes, instead 


of ‘soaking into ‘the m: mass and destroying” its s cohesion. During the flood of 
1892, the writer, who was then Assistant to the had to hold a 
line 40 miles long in the Tensas Basin in Arkansas, a great part 


which had a crown of 4 ft. ond slopes of -: on 2 “not only until the water 


attained the top of the levees, but, by means of sand-bags and other devices, 
to still greater heights, and the o only material. that was converted into— mud 


by rains was the fresh earth used in topping. 


~The Commission has passed strict regulations about allowing vehicles" 
on the levee crown. If, however, during the the excitement of flood protection, 


‘ignored those regulations and ‘automobiles: inspection 
purposes, the Bermuda sod would be rapidly destroyed during rainy weather, 


h the and longitudinal ruts formed from 6 in. tol ft. deep. W With a 14-1 -in. rainfall eo 


rah ts 
eed | in 24 hours, these ruts would become veritable reservoirs for 3 retaining water: - 
cuit which could seey seep into the levee, and convert the best ‘material into a mud. 


The excessive sloughing | of the vane slope of levees during ‘this: flood may also 


bedue to 

While the Ww writer has no knowledge that such was the practice, before 
| expending $40 000 000 on tl the levee line to enlarge’ the | section, he would | try 
section experiment of giving steep slopes: to the « crown, which would not only 
facilitate run- -off of the rainfall » but render it physically, impossible for = 
automobiles to violate the | Commission’s ‘regulations. ‘It is noted that the 

_ Various projects for enlarging ‘the levee section Sail a greater use of the 


crown for travel in vehicles by widening it. ily. A 


naterial has extremely liberal i lin its appropriations for the Mississippi 


eights 


or essul re 


ruction. River since the creation of ‘the Commission, but any one who assumes that 


erial of for all the other rivers and harbors 
n which in a the United ‘States to $50 000 000 per year, can be persuaded to appropriate 
that, he for the Mississippi alone $50 000 000 to $100 000 000 per year during a period — 


rmission of 10 years, | has little knowledge of the workings of the Congressional mind. 


of water development ‘which will cost from 500: 000 000, to $2 000 000 000, 


and there are numerous other | expensive | river and harbor Projects which have 7 
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q The American people will ‘most liberally contribute a vast 
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sum to the Red Cross for humanitarian n purposes, but when it is a question 


expenditure from the United ‘States: Treasury, « every community will 
local needs. distr ibution ‘the 


‘ 


The Mississippi River Commission always been ‘embarrassed a 


= the by Congress and the 
cribec 
aj in the etoainl is If the attempt to establish a grade line which would 
® be above all | probable floods, as recommended by the writer when he 7 
President of the Commission, should be abandoned, and the original Commis-— 


“4 sion grade of 3 ft. _ above e the stages that have e occurred at the different — 


‘4 stations along the river be substituted for it, there would be a probability of 
carrying out such a program with the funds which can be anticipated. Such 
a project not only would meet the economic situation, but would be in accord- 


ance with n normal engineering 


be made ad ‘The. T ransactions: of the Society contains a discus- 
‘sions of this subject, and curves have been constructed showing graphically | 
probability. of Tun- -offs extending to periods several hundred year 
ti is, however, generally recognized by the En ngineering Profession that | pro- 
vision of a sewer § system for a 2 city which x will a ‘the flooding of the | 
- For example, if the City of New O: Orleans hed constructed a sewer system to 
provide for the rainfall which occurred during the recent flood, it woul ld 
have been “compelled to expend on it, funds which could have been more” 
profitably diverted to street pavements, to a water supply, and to other 
essentials to a city’ ‘progress. The occasional over- taxing of. ‘the sewer 
gy ‘stem is less i injurious to the city’s development than the curtailment of other 
“prime 
When ‘the problem is ‘expanded from drainage of a city to 1 that of a 
continent, its complexity - increases, and the determination of future possi 
bilities becomes more uncertain. possibilities are not then determined 
by mathematical computations, but by the imagination. — wien it is stated 
- 3M that a flood like that of 1927 will not probably occur again in 100 years, 
the engineer must take into consideration probabilities instead of possibilities, 
Z _— and consider the interest on investment for a period of 100 years. If the 


ae __ interest is ‘computed at 4% on the cost of some of the ‘proposed “projects, it 


pat ~ would be greater in 15 years than the estimated damage caused by the me 


A disaster which will not probably occur once in 100 years is in the same 
ae ae category as an earthquake or cyclone. Tt is an Act of God for which the 
philanthropist should make provision. Because « on earthquake formed | Reel foot 


— 
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- i: _45 years has been to benefit the people of the delta as much as was possible | :. 
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-‘ The final Suggestion is | also submitted that ‘no matter how much money 
2 


Lake opposite Madrid, Mo., 100 “engineers not make all 


"buildings in the Mississippi Valley earthquake- proof. ST 
‘Iti is suggested, how yever, that th the engineer who attempts to solve the pr iesiliasds ‘ 
“must make a definite decision whether he will be gove erned by probabilities: or 


by To a ‘Project which in one art provides for 


increase, will be sing serve two rs, with h the > usual 


al. 
is expended « on the levee line, it will still be at the ‘mercy of the combination pe 
of a muskrat, a dark night, ‘and a careless levee > Inspector. 


animal can create a hole in the finest levee that has been devised, which, if 

not closed within a few moments, will insure its destruction. . Perfection 


which will resist the riv er flow under all ee conditions which 


- ‘difficult in all e engineering enterprises. To try to construct a levee line 


now fill the. public mind, is: to attempt the impossible. 
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RAINFALL L CHARACTERISTICS O1 OF THE 

The drainage b sin the \ ississippi River comprises” about all that 


portion of the United States lying between the Allegheny the Rocky 
“Mountains except ‘the Great Lakes and Hudson Bay drainages, with a total | 
area of 1250 900 sq. miles, about two-fifths of the total area of ‘the United | 


States proper water from 31 of the 48 States passes" into the Gulf of 


Mexico. © For convenience of study it has become customary, ‘to divide the 

entire area into six major sub-divisions, or sub-basins, as follows: the Missouri, 
the Upper Mississippi, the | Ohio, the Arkansas- White, the Red, and the Lower 


Mississippi. drainage areas of ‘the sub- basins, together with their per-— 


centages of the entire. area are as ‘given in Tablel. : 
TABLE —Dratnace AREA OF THE Basin. 


-Sub-basin. _| Drainage area, in square miles, 


= 


BaRoMETRIO- PRESSURE DistRIBUTION | AND PRECIPITATION | 
Having these in mind in a general way, ‘consider the precipita-_ 


tion that occurs over each of these sub-basins, its form to a certain extent, the 
peculiarities s of its distribution, and the reasons therefor, so far as one may , be 


able: to give them. . Without going deeply, into the. subject, begin with the 
ordinary weather chart. Certain: relative distributions of barometric pressure. 


will be followed by fair weather, and others by rain or snow. ‘These different 
distributions have long been grouped into’ types. that officials of the 
Weather Bureau have classified according to their regions of ‘inception so 


as they been able to determine them. types that are re principally con-— 


cerned in. precipitation over the Mississippi Drainage Basin a are known as the 


-pressure types only 


influenced in greater or less degree b the hi xh-press sure t es, i-¢e clones. * 


Low. -pressure areas have warm and 1 moist southeast and south winds on their 
4 eastern and southern sides, and the warm and moist masses of air rise until: 
come into > contact wi with other Inasses of air which | are e sufficiently cold to 


cause condensation of some of the water vapor in : the weed masses, and rain 
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 * Senior Meteorologist, U. S. Weather Bureau, Washington, D. C. 


or snow ‘results. The amount of resulting precipitation will depend ur upon | 
Bemis and direction of movement of the cyclone and attendant: anti- oe 


n 


the wa warm « ey yelone and the cold -eyclone. 


a The great general | and never failing type of rain producer, whatever its 

origin may y be, is a well- defined low -pressure area moving in - some e easterly 

direction—usually northeast or east- northeast—with a a relatively ‘cold high 
7/ sure area to the northward or northeastward. This is true for the entire Mis-_ 


sissippi River Basin, ‘notwithstanding | the varying ; amounts of precipitation that a 


are normal to the different sub-basins. As a matter of fact the four types pre-_ 
viously mentioned are neither more nor less than modifications of the great 


general type, but with different points of origin and different - velocities of 


. The fi figures in Table 2 show the normal precipitation by seasons for the 7 


Lioten om comprised i in the ‘Mississippi Basin. ~The data are given for the States 
in each of the six major sub-basins, and whew a State extends over portions __ 
_— of adjacent : sub- basins, the figures cover only that portion of the State within 


that particular sub-basin. For or instance, Kansas. would appear in both the 


TABLE 2.—Snasonat ‘Precirrrarion BY Basix. 


November. February. May. August. 


Wyoming 
Colorado... 
North Dakota . an 


South Dakota 
Minnesota 


Ca 
Entire area..........| 528 850 
ARKANSAS- WHITE Sun: Basin. 


nes. sas. 


| 6.96 


10.17 72 


- 
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area, in 


August. 


‘South Dakota. . 
Minnesota 

_ Wisconsin 


November. | February. | 


| 


6.838 | 11.16 
18 11.61 

9.46 | 80. 
| 10.48 =| 10.56 
10.86 10.21 


| 


Lilinois 
Indiana.. 
‘Michigan. . 


Entire area.......... 


West Virginia........... 
North Carolina.. 


= 


Tennessee 


SRERESS 

Ge Ot CO GO 

wu 


— 


Arkansas. . 19 584 9:30 


47 
416° 9.88 


90 000, 8.76 | 12. 10.88 | 40.0 


| 


5.914 4 12 | 12.10 
Mississippi. . 2. 4 on | 15.29 


"Table 2 has virtually been brought down | to date, an alw vays desirable con- 
dition for those who | are interested in the study of normal - | precipitation, and, 


Bcromysee so far « as the Writer is aw are, _ the data have not t previously been 
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ponent data within the exclusive limits at State boundaries for wid river 


_ Table 3 gives tl the data in Table 2 


in decordance with the ratios between their - respective eieanin areas and the 


TABLE 3 Normat Preowrr ATION, Basin. 


Drainage area, in Normal precipitation | 
Sub- Square miles. 


tage. 


Ohio 
“White 


= 


It is readily apparent from even a casual inspection of Tables 2 and 3 8 that 


- the precipitation ¢ over the Mississippi Drainage Basin i is ata a minimum at its — 


7 ‘extreme northern and western boundaries, and i increases steadily, although by ; 


“means uniformly, the eastward, southeastward, southward. The 
meteorological reasons for this distribution are ‘not intricate, and are un-— 

-doubtedly familiar to the majority of 


AROMETRIC PRESSURE AND GEOGRAPHIC AL 


previously» stated, low-pressure areas, or éyclones, or storms, the 


‘Uz 3 Weather Bureau terms them, if they have assumed definite a and pro- 
_ nounced formation , as they move eastw ard over the « country, are attended by 
ag 

warm southeast w vinds on their ‘southeastern 


southeastern quadrants. 


1 
8 
19 
42 


and southern sides, or in their” 
These masses of warm air, coming as they do from 


+ 


“the Atlantic Ocean, or the ( Gulf of Mexico, carry > with them large quantities | 


of water vapor, and as the air rises higher ‘and higher. in the ‘ae, it 
finally: becomes | cooled through of heat by expansion and by contact with 
‘cooler air masses. 


2 ascending aie » as cools, of course loses its capacity 


for retaining vapor, the s saturation point is soon reached, and condensation, or , 


precipitation, sin. The land nearest the original | water supply naturally 


“receives the e largest quantity of precipitation, and as the air continues to move 7 3 
farther inland toward the ‘northwest, the » available supply « of moisture becomes 
op and less, until the water supply available at the existing temperature has 
been precipitated, generally at a considerable distance from the Northwestern 
Rocky Mountains. This is the ‘usual occurrence, although not without “excep: 
tion s so far as the surface, weather chart shows. At times 


ther mes, there are heavy 
Tains, occasionally torrential, that attend the summer thunderstorms between 


the Missouri River and the Mountains. The surface | ‘Pressure distribu 
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oe 
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48,10 
48.49 
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49.870 
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ion, ane, 
Bthe com - Ment, but aerological observations by kite and balloon will generally show a My iz 


4 
mass of cold air, the season, to the westward and 
westward, close to the warm air masses, Which will soon -under- them with 


oar The Far Northwest then does not receive much mc moisture from the Atlantic 


Ocean the Gulf of as av available supply: is farther to 


pressure distribution. One these is presence of low- -press 
area over Southeastern Wyoming, or Eastern Colorado, with a cold high- 


pressure area over Saskatchewan, and precipitation, either of em or snow, 


will x result from the ‘cold northerly and northeasterly winds. This precipita- 
“" tion is usually heavy. _ Aside from this type precipitation over the Far North-— 
west generally results from the cold air of the high areas following the move- 


“ment of low areas across that. section. Over the great central valleys the 
precipitation precedes and accompanies the low area, with little « or none fol- 
_ lowing, but i in the | ‘Far Northwest: the southeasterly and southerly ; winds blow- 


ing into the | eastward- -moving low areas carry but little moisture, not enough | 
to condense until the cold from the following high area reaches it, and pre-_ 
Bei will set in behind the low area and with west and northwest winds. — 


Precipitation from this type of pressure ‘distribution is uniformly ; small. cc “7 


= Fin ally, the one § great rain- -producing | type for the entire Central and 
Mississippi Basin is” the “Southwestern.” “Southwestern” is 


meant a low- “pressure area from Mexico, Arizona, or ‘New Mexico: (sometimes 
originating in the Central Pacific Ocean), ‘moving | ‘northeastward through 


= 
‘exas and and the Ohio alley, with the usual high area to the 


‘moisture > supply virtually 1 the precipitation is abundant, 


; the 
cipitation o over and portions of the basins and incidentally 

a partial re reason at least for flood behavior in 1 the Lower and Lower 
‘Mississippi Rivers. rains first over these sections, and by the time 


they reach ‘the Upper Ohio V alley the rivers below have risen decidedly, so 
that the waters: from the great and tributaries of the 


‘when this ‘a severe flood In 1912 there series of 


- six of these storms, separated by intervals of only a few days, and the 2 resulting 


flood. was one of. the greatest in the of the Lower Ohio and 


‘number points of when the basins are 
examined separately. In the Missouri and Upper Mississippi Basins the 
be _ minimum amount occurs during the winter months, December to February. 
Nearly all the precipitation is in the form of snow which produces compara 
tively lit little water w when is a ‘decided 3 during the spring 
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months, March to May, and a wat tuatiions but less decided increase during the 

summer months, J to August, a large part of the summer rains coming» 
from thunderstorms. ‘During the autumn ‘months, ths, September t to November, 
there is a ‘sharp eae the thunderstorms become less frequent and storm 
activity is usually at i its lowest ebb. In the Ohio Basin there is a — 
inerease from se season ‘to season, beginning with the autumn, although i in Tii- © 

nois and Indiana the winter precipitation is lower on account of the — 

"4 effect. The spring and summer data do not differ greatly, the summer thunder > 
showers supplying slightly m more rain than the spring storms. In the Arkansas-— 
7 White Basin the tendency is ‘the same as in the Missouri and | Upper Missis- - 


_ sippi Basins. _ The winter decrease from snow effect is not so marked, as it @ 


_ mostly limited to the western portion of the drainage area, and, furthermore, 
the rains over the States of Missouri and Arkansas on shut: In the Re do 
- and ‘Lower Mississippi Basins the minimum amount of precipitation i is 


recorded during the autumn months, and the maximum during the spring 
months, the season of the most effective rain- producing ‘storms. The summer 


months have less rain than the spring months as summer pressure conditions © 
- are usually 3 more or less stagnant, and thunderstorms, while frequent, are often 


local and sp spring rains are general. Table 4 shows the for 
cach sub-basin and the of the total fall. 


TABLE 4 4.—NorMat SEASONAL PRecirrration IN Incues, AND PERCENTAGES OF 


Amounts, Mississirrt Basin. 


| NovemBer. | FEBRUARY.  Aveust. tal. 


3 


22.81 

31.82 

44.70 

29.30 

21 | 8. 76 40.00 
20 | 18.38 5 49.87 


ge. 
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time 


adly, 
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=| 
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Lower rei 6.59 9.02 | 29 83 | 81.10 
TOW PRATT, 


igsissippt 
sins are = greater : accuracy the last thirty ye years far 
sins the places of observation only involved, but when attempts made to 
February: tw ordinate these individual data over unde of any considerable extent, diffi- 
compare” culties arose. Sometimes it was found that the total ‘measured run- off of a 


| vi 
stream than the total recorded amount of precipitation | of vain 
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be reasonably. Tn both instances’ rs trouble was due 
_ expanses of comparatively level country this objection could ‘sometimes be 


waived, but in. mountainous regions and in others of diversified topography it . 


ree “many years i it was impossible, except in a few isolated instances, to 
obtain: snowfall data for the high mountain altitudes, although in later years 
the: a S. Weather Bureau, ably assisted by the U. S. Forest Service, has been 


able to reach some of the high places. Nevertheless, there remains the impos- : 
sibility of accomplishing ‘satisfactory ¢ co-ordination of the data on account of — 


= limited areas covered and the numerous and abrupt changes in topography. 
If the work of snowfall measurement and its translation into water equivalent 
is to be properly performed there must be made first a topogr raphical s survey of : 
the mountain areas and perhaps some others. Once the survey is” 
will st stand for all time. ' Then must come tl the location of a number of measuring | 
stations that will be sufficiently representative of the entire area; that is, 
+ me ~ located where they will afford a true index of the snow depths, and entirely 
_ without any idea as to "uniformity with respect to relative location. . The i im- 
Pe perative need i is for more data. properly. obtained. - During recent : years ‘several 
attempts have been made to secure funds from Congress for a few experi- “a 
mental surveys, | but ; without s success. However, there are hopes of the future, 
especially in view of the fact that the ; great floods of 1927 appear to have > 
nationalized the water problem, at least to oa very large extent. - The results” 
of a computation of the normal annual, snowfall by the ordinary method of 
"averages are given in Table 5, for the States of the Mississippi Valley, with 
the ‘small areas of North Carolina, Maryland, Ww estern New ' York, Michigan, 


E ANNUAL SNOWFALL, | ‘Mississippi Basin. 


snowfall, snowfall, +) snowfall 

ininches. ||; iuinches. in — 
NG 


Oklahoma |\Tennessee 

Eastern Colorado.. We Illinois Northwest Alabama. 
North Dakota : 2 Indiana 26 Mississippi 
South Dakota = Arkansas 
Nebraska ||Louisiana...... 
Minnesota 


ay 
would be expected, greatest snowfall occurs over the Rocky | Moun- 


tain districts, with the maximum of about 72 in. in Eastern Colorado. — From 
a mountains eastward and north of the 35th Parallel there | is a as: 
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the Allegheny Mountains are reached, with a maximum of about | 47 i in, hell 
WwW estern Pennsylvania. Snow fall below the 35th Parallel i is not of consequenc ne 


eal The assemblage of the figures in Table 5 into norma 


basins could not be accomplished without time was available, 


the usually assumed basis of 1 in. of water for each 


of snow, the precipitation of the entire Mississippi Basin, using the in 


Table 2, may be divided as in Table 6. 


4 TABLE. 6.—NorMau Rain AND Sn \ 


ited), | Total, hes. 


BE 


42.10 60 
49.37 


or Computinc Norma. PRECIPITATION 
normal values i in 1 Table were computed i in accordance with 


honored procedure; that is, by dividing # the sum of the normal values at as 


many units observation | as possible by the total number of units. 
~ objection could be offered to this plan were it not for the fact that, except in 
_ ‘Tare instances, the aggregate quantity of data for any considerable area a 


“not sufficient to insure a true and dependable normal. Every hydraulic e engi- 
ner I knows that the » amount of precipitation that occurs over so so small an area 


as several hundred square miles is far from uniform, even 1 under virtually 
‘identical conditions of | topogr aphy and meteorological influence. In other 


words, under the ‘system that has universally prevailed—a_ system that eco- 
nomic conditions, if nothing more, has rendered compulsory i in this country— 


the data have always been insufficient to serve in the most ‘efficient manner 5S 
) 
ts 


i four, « or if, the ‘stations could be located on the basis of — for not more than 


each 50 a or 15 miles of area, a a solution of the of questionable nor 
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tains with their abruptly diver rsified topography, the stations of observation 


should be more numerous than one for each | 50 or 15 ‘sq. miles, and | arranged 


4 


so as to have proper regard for 1 rapidly changing topography. The Weather 
Bureau has long realized 1 this situation, but thus» far it been helpless 
through inability: to finance the undertaking. No criticism of other Govern- 
mental agencies is implied in this ; statement, as the ‘Weather | Bureau has 
probably received all the consideration that has been. due and in keeping with 
the requirements of other Services of equal importance. — Therefore, with a 
view to the better utilization of the available data in connection with the dis- 
- cussion of flood problems, the Weather Bureau began five years ago to com- < 


precipitation data another method which, if at least 


“very probably as nearly ‘correct as they would have been had the number of 


follows: data for a large number of were charted 

isohyetal lines carefully drawn. These lines were then traced upon sheets « of 


cross-section paper, together with the outlines of the six drainage : areas. - 


The isohyets divide the drainage basins into various s small sub-areas, over 


Oz 


2s 


which the precipitation may be assumed to be uniform and of an amount — e 


; — by the mean between the two adjacent isohyetals. Therefore, the 


| 


number of squares in each sub- "area was counted. This was th then 


a multiplied by the average precipitation for the sub-area in question and the 
product divided by the sum of the counts for all the sub-areas, which latter, 
of course, is the number of f squares | in the whole » drainage basin being studied. 
‘Finally, the sum of ‘the | quotients found i in ‘the manner "described, gives 


the same quantity water as fe fell 


“precipitation, 


‘This method of discussing precipitation permits the consideration of actual — 
7 quantities of water over large. areas with t the certainty that inequalities | of 
— had rainfall distribution and the uncertainties arising g therefrom ha have been ~~ 
eliminated. ~The method was used in the computation of precipitation 
the ‘great Mississippi floods of 1922 and 1927, and for 
the: data for the floods of 1882, 1912, and 1913 were computed 
the: same basis. Monthly, seasonal, and annual normals for the sub- basins 
and for the different States were oe computed, and the. sub- basin data : are 
"given in . Tables 7 : and 8 herewith, 


JALYSIS OF OF Precirrr * 


oe pe that the minimum fall occurs from November to February, w ‘eile: 


on maximum difference of only 0.15 in, between any two months, 


ae eared the sub- basins individually the same e general arrangement i 
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those that have the greatest amount of snowfall. _ The | distribution i in the e Ohio 
Basin i is different in that the maximum fall o occurs in March and July and the 
minimum + during October and November, i instead of in the winter. . In an 
_ Red Basin the maximum fall occurs in April and May | and the alain in 
February, while in the Lower Mississippi Basin the in March, 
April, and d December, and the minimum in October, ¢ although, as a whole, there 


is little variation in monthly | values, e except during the autumn months. | 
TABLE Montuty Means or PRECIPITATION OF 
BasINs OF THE MIssIssiPPt Dratnace AREA. 
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Basin. September December | March June Annual. 
November. February. August. 


Upper Mississippi. 
Missouri 
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will be notic ed that the Mississippi and. Arkansas-White Su - 
- Basins differ but little as to ‘drainage area and water depth, whereas the Mis- 
- souri Basin, with nearly - three times their drainage area, has less than twice 
the quantity of water on account of the Jong : snow | season. The Ohio Rite, 
a a drainage - a little less than two- fifths that of aed aan Basin, | “eo 
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82% as much water, the winter season showing an excess over the Missouri 
Basin. ‘The Red Basin, w with about one-half the drainage area o of the | “Arkansas- 
White Upper Mississippi, has about 62% and | 58%, respectively, « of 
quantity of water of the two latter basins, while the Lower Mississippi Basin, 


with _ about 10% of the drainage area of the Missouri Basin, has about one- 1 
a fourth as much water, but the Ohio Basin, with a drainage area about two and > = 


-one- e-fourth ti times as large e as that of of the Red, has nearly three and one- -fourth 
Bee sec as much water on account of. ‘the smaller precipitation over the Upper 


Seasonal Distribution —T ‘seasonal distribution Ww rill 1 conform, of course, 


closely in character to that previously outlined in ‘the discussion of pavers 


comparison of the annual normals and their percentages 


ABLE OF PRECIPITATION 


fou 


Inches. Percenta, e. Inches. Percent 


GO 


| 
| 
‘a 


‘The small difference between the two totals is. due to the 2 fact that the State 
‘ne after their reduction to . the sub- basin normals, were ‘then weighted 


according to the area ratios. Had the actual precipitation figures’ been used | 
"throughout, the difference Ww would doubtless | have b been greater, , but it was not 


feasible to undertake the y work at this time, and the data were not obtainable ; 


F Loops 
ie So much for the causes, character, and distribution of precipitation over | 
the great Mississippi Basin. is in order now to discuss what becomes of this 
i when at times its” rmal characteristics undergo decided | 
ae that is, ‘become abnormal as to quantity, time, ond distribution, and 
al manifest themselves i in the form of the floods t that have become so distressingly 


and destructively frequent during the last 16 ye years, ears, and especially during 


3 1927. ; Tm keeping with the subject assigned to the writer, ‘floods will | not be | 


“ discussed except in connection with the precipitation that caused them, sca 
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Upper will be touched upon briefly. 
|, 
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over 


decided 


on, and 


or even floods in Missouri River above | the of 
a 


the Kansas | River are e rare. The e greatest general flood of which there is record - 
occur red in n the spr ing of 1881 and extended ha the mouth ae the ri river, merging» 


, it was not 
fo. | There was also a severe flood i in March, 
1887, in n the North Dakota portion of the Missouri River, but the flood see 
s not reached as far south as Omaha, ~ 


‘These U pper Missouri floods are spring floods, and are due usually to oa ia 


combination of melting snows in upper reaches, high temperatures, and rain. 


‘The melted snow factor is not of i impor tance unless i in large. quantity, and sup- 


_ plemented | by substantial rains, and the rain is the essential factor. It isnot 


necessary y to discuss the floods caused by the formation and subsequent oe a 
ing of gorges, and, is probable ‘that the flood Of 1881 


floods in Jt une, 1844, ‘a season of torre reintial rainfall that : 
_ over the Middle eet Valley causing stages that have not since been 


- asi between the mouth of the Mlinois River and Cape Girardeau, Mo 


Upper Mississippi Floods, that is, floods above the mouth of the Missouri 


River, are more numerous. _ They are almost entirely spring floods, and, unless 
caused by ice gorges, they are rain floods, although the rain may be consid- — 


erably augmented at times by melted snows. Owing to the flat contour, , Chews 
. floods are likely to be destructive below the mouth of of the Wi ‘isconsin River. —_ 
Age ‘The floods of the Ohio », Arkansas-W hite, Red, and Lower ‘Mississippi Val- 2 


leys are virtually of annual occurrence, and great floods are not infrequent, 


as witness: those of comparatively recent occurrence, 19125 1913 , 1915, 1916, 


1922, and 1927. These floods are pre-eminently 1 rain floods, “although: 


at times considerable assistance. is lent by melting snows in the winter or 
vl “early ‘spring from the Ohio River _ its many large mountain tributaries. 


As the flood of 1927 overshadowed all others from Cairo, Ill. 
it will hardly necessary, to discuss the for any 
Ye - others except the flood of 1922 which was next in magnitude to that of 1927. a 
All data will be expressed i in terms of water depth « over the entire area. ba tee 
; n Table 10 will be found the data for the floods of 1922 and 1927, together - 
bg wit ith the departures: from the normals. The normals are of recen determina- 7 
tion and ; are the product of the combined labors of Messrs. Montrose W. Hayes ; 


. and | Walter J. Moxom, of the U. S. Weather Bureau Office, at St. Louis, Mo., 3 


2 and engineers of the office of the Mississippi River Commission, also’ of St. 


The total depth of water more or less contributory to the flood of 1927 

was 10. 79 in., 

cluded, as ‘they ‘should be e. The exc excess of 1927 o over 1922 for ‘te entire” 

- period, December 18 to April 30, was 1.80 in., but for the four months, Jan an- 

baad to April, rt Pa 0.21 in., ora little less than 2 per cent. + The excesses 
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above the normal amounts in ‘both years are significant. ‘The » water depths 


for January were below the normal, amounts — in both 1927 and 1922, and 


February, , 1997, was also ‘deficient, while February, 1922, shows a an excess. 
‘Taken together, January and February, 1927, show a “deficiency of 0.22 in. 


against a deficiency of 0.15 | in. in 1922, a difference so so small that during the. 
two months both years were virtually ‘on even terms. The month of March 


7 shows a decided excess for both years, but with 1922 a3 in the ascendancy, 
t, figures being + 0.72 in. for r 1927 and + 24 in, for. 1922. Both values 
are quite large and indicate a a severe flood. . In April, the month of. greatest 

water depth over the entire area, ¢ conditions became decidedly reversed with 


9 
1.75 in. in 1927 7 against in. in in ; 

“PRECIPITATION F FOR FLoops OF 1922 anv 1927, IN TERMS oF 
INCHES oF WwW Over THE ENTIRE “Mississippi Dratnace AREA, 
Departures FRoM NorMAL. 


(Absence of ‘sign indicates plus departure.) «9 


January. | February. 
Sub- area. insquare 


ture. | 


Upper Mississippi. 
Missouri 
4 Ohio 
Rel sas-White. 
d. 


Depar 
Depart ure. 
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RSS 


FLoop oF 1927. ‘4987 
31, 1926. December > 
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Amount. 
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| Amount 
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y Lower Mississippi 


—Ssososs 


7010.06 162. 9910.72 


| 


Comparison o of the data as a whole for 1922 1927 does not ‘disclose 
- particular reason why the magnitude of the flood of 1927 should have exceeded R 
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that of 1922. 1 In: fact, the behavior was much h the same in in both. - The months 
of J anuary February differed but little, an and, taken’ together, both v were 
deficient. In March, 1922, the excess precipitation | was large and the maxi- 
| mum flood oc occurred i in that month, while in April, 192 1927, the excess was ss nearly = 
twice as great as in April, 1922, | and the maximum and greater - flood occurred — — 
i in that month. Therefore, it is obvious that the distribution of precipitation, — 
to to intensity, time, and locality, is almost as important as the amount 
‘eeneot In both 1922 and 1927 a reasonable additional amount in Ja’ anuary yand — 
February and an equivalent lesser amount in March and April would have. 
lowered the flood crests materially, while the reverse occurrence would 
have resulted in s still higher crests, assuming » that lors had remained intact. 
1912, another year of great and ‘April flood, the excess water in| 
F ebruary and March amounted to 1. 57 1 in., w vith a slight deficiency in Jan- 


“uary, ¢ and the total quantity of water for the three months was 8.24 in. ~ 34 
less than in 1922, and 2.55 in. Jess than in The 1912 flood w was caused 


, for ‘the Middle. and Basins.’ These 


were by intervals of. only a few days, a period entirely 
too short to check the rate of, rise materially, and another inch or so of water _ 

= the storms would ‘probably have resulted in a flood as great as that of 
1922 ha ad the levees remained intact. should be s stated, also, that during 


he flood of 1912 neither | the Upper Mississippi, Arkansas, nor Red Rivers a 


_ the too Oy an 1e tota quan ities wa an 
In the floods of 1882, 1903, and 1913, the total quant / ter, Jan 
to March, inclusive, were 7.68, 6. 11, and 6.44 in., respectively. . These 
‘figures appear to o justify the | assumption, partly at least, that a water cover 
the Mississippi Basin of about 10 in. in 3 3 or 4 months: between J anuary 
‘April, will probably result iz in a great f flood from Cairo southward, and 


that under the most favorable conditions for flood formation, less 


data thus far given | have been based ‘upon precipitation water : 
depth o over ‘the entire’ Mississippi Basin, although itis a “recognized 

Missouri River above the mouth of the Platte, and the Mississippi River 

above the mouth of the Wisconsin do not contribute materially to Lower a 

- Mississippi floods. ae these upper areas, amounting to approximately one- 


third of the total drainage, were to be excluded, the precipitation over ‘the 
‘remaining ve. would have amounted 16.3 28° in. of h 


Depar 


arture. 


Dep 


than in 1997. If the data for the two weeks ; in 1991, 
i and 1926, were included, the 1927 excess would be still larger. 


$5: Possipte Maximum Fioop Cress in 1927 


Bureau was ‘this: What would have been the maximum crests ‘reached 
the flood of 1927 Thad all the main levees remained Each organ- 
ization "considered the question independently and by somewhat different 


and opportunity was to n make informal | comparison of the 


n Washington. all 
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were insignificant. ; reached at stations ‘and the 


possible stages under favorable conditions are given in Table 11. 


TABLE 11.—AcTuaL AND PossipLE Sraczs, Fioop or 1927. 


= 


er 


Arkansas City, Ark... ..|Mississippi 
Greenville, Mississippi . 
Vieksburg. Miss..... ..-.|Mississippi . 
Natchez. Miss ..|Mississippi 
Baton Rouge, I.a....... ..|Mississippi 
New Orleans, La.. 


44+ 


| 
4 


+ 


Paducah, Ky.. 


Cairo. Ill 


Memphis, Tenn.. me 

Helena, Ark ...-|Mississippi 

The processes of reasoning through which the ‘figures in Table were 
be 


Louis, Mo.. 


evolved were basically alike, and perhaps a single example will suffice to illus-_ 
trate them. 


= 16, after that the river rat only 7 ft. 
3 withstanding the fact that the Mississippi River at St. Louis was at a stage. 


of 34 ft, or 4 i. above the flood stage, and continued | to rise steadily for a 


week thereafter. The Ohio River, at Paducah, also continued to rise 


for a few days | after the crevasse. The rises at St. Louis and Paducah = 2 
the | Dorena crevasse were about 2.0 and 0.9 ft., respectively, with an increase ; exist 


| 
of only 0.7 ft. on the Cairo gauge. ‘tt is therefore, that if the « ere: intac 


additional rise that would ordinarily have from the high stage at th 
St. Louis, the crest stage at Cairo would have been approximately 58 ft. — nels” 
not after, the of April. Incidentally, with the stages at Cairo and Stora 
‘St. Louis as they were on the mor ‘ning of April 16, and no crevasse at ohn 4 _ prese 
: but with the Upper Ohio in flood ec equal to that of March, 1913, the crest ‘stage n 


the n 
at Cairo would probably have approximated 62 ft. of th 
Finally, it is within the bounds | of possibility thhat’ the indicated | stages in 
——. 11 could be exceeded. Tt can be shown, for ‘instance, that stages of 65 


ft. at Cairo, and of 73 ft. ai Arkansas City, are not entirely removed beyond - 


ie limits of possibility under the most favorable conditions of precipitation 


distribution and synchronization. Howev er, the probability is so very remote 
that its complete realization can enn be disregarded, as the sequences of 


eS proper meteorological combinations th that w ould be necessary to ‘produce the 
ik 
“extreme conditions as computed, while not absolutely impossible, are almost 
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ER DRAINAGE 


ax 


and the interested public in of quantities of water 


capacities of channel. In simple terms the flood problems of the 
- sissippi may be said to consist in | determining the « quantities of water to xs 
expected in various stretches of the | river and in making ample provision 


channel and ‘temporary storage capacities f for conveying those quantities 


to the Gulf. If these problems are to be set ‘forth, it is necessary that 


‘liable continuous records of discharge be collected for the critical stretches 
of the Mississippi River below Cairo, Ill, a and for its major tributari 


be U nfortunately, such records, cover ing the crests of floods and showing ‘the ie 


's 2.000 000 cu. ft. per sec. , more — 
r less. tributaries below Cairo may add to such a flood enormous 
stage 
for a 
ana flood discharge hi more than 3 500 000 cu. ft. per ‘sec. 


: bs channel and storage capacities must be e provided so far as they do not already 


i) i The maximum capacity al channel at New Orleans, La., with the levees: 
“intaet is about 1500 000 eu. ft per sec. satisfactory of flood control 
sae afford the means for handling the water in the lower river in ‘excess 
_ of the ¢ channel capacity at New Orleans by ‘providing either additional el chan- 
ls to the, Gulf, definitely ‘set aside for t that purpose, « or sufficient 
_ storage capacity to detain the excess water until 5 it can be discharged through — 
orena, 
stage 


ges in 
3 of 65 of the Mississippi in 1927 in any any time the enormous 
| 
beyond — total of 3 500 000 cu. ft. per sec. : some channel and lateral storage had been. 


ere 


available the river, “many crevasses: were n made whereby the 
remote Te- e-occupied its natur: ul lateral basins that had been closed he levees, and there Ks 
was a great quantity of water that broke through the artificial | barriers that 

ad been construeted and re- -oceupied the natural channels across the. delta 
to the > Gulf, all of which, by returning part to Nature’s plan, tended to 


decrease the crest discharges in the lower ‘river, which have been aggravated 


Sid 


* Chf. Engr., U. Geological "Survey, Washington, D.C. - 
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A few approximate figures may serve to make the si 
_tvnical flood at Cairo, consisting of the combined discharges of the Ohio 
a 
hes — 
— 
[ 


by the very works designed to control them 
‘conditions, however, the v waters in this" flo early 20 000 sq. idan, 
situated in seven States, an area a mately equal to that of New Hamp- 


- comparison of ‘the Mississippi with other great rivers of the Continent 

| serve t to emphasize the ‘magnitude of ‘the quantities 


trolled in a | Mississippi flood. Available estimates indicate the 
run. off in a great flood of the Mississippi, covering a period of six months or ’ 
-Inore, may exceed 500, 000 000 acre- -ft. —a quantity equal to the average or the 


Western an aggregate 280 or abo 


14% of the estimated 500 ¢ 000 000 acre-ft. in a single Mississippi River flood. 


The proposed Boulder Canyon Dam, with a capacity of about 25 000 000 


acre- ft, would store the total -off of the Colorado for nearly ‘years, and 
«yet this capacity, great as it is, is ‘equivalent to only 5% of the run-off in a 


The area from which wanes of the Mississippi derived, aggregating 


1 240 000 $4. miles, is. widely diversified in topography, ‘geology, vegetation, 


and climate. It constitutes the great central basin of the eountry, extending 
from the crest of the Alleghanies to the | crest of the Rockies and from the 
Great Lakes to the Gulf of Mexico, ond includes mountains and plains, { forests 
and grasslands, fields that are cropped annually, and ‘remnants of the ‘great 

‘ public ‘range. This: great area includes all or parts of 31 States and of 2 2 
Provinces of Canada, and is equivalent to nearly 419%, of the area of the Con-— 

tinental United States. It is pre- eminently a region 
and ‘contains about 42% of the ‘population and 39% of the wealth of 


“country. No other river "basin on on the: globe combines: ‘topography, ‘soil, and 


“Mississippi. ‘Tt has within its borders many, y cities, railroads, highways, 


farms with artificial or modified ¢ drainage conditions. These works: of 


in os tes interest of flood control to restore the basin to the conditions of 


fact, to restore it to such conditions would eliminate the need for ‘flood 
 eontrol, because no one would be there be damaged. Rather, it is certain 
that such works will be continually ‘inereased with the growth i in population, 


, transportation, and wealth o: of the country. may be possible, how- 


ever, to improve eee conditions by ¢ a reasonable program of forestation and 


by the e construction of reservoirs in head-water streams, but, in the writer’s 
opinion, it is vain to hope for a material reduction of the flood flows of the with 


Lower Mississippi by ‘such methods. . Although it is recognized. that 


= 
olay tion, including forests, affects run-off and that reservoirs on head- water — 


tar 


— 
— 
oh 
a 
tr 
| 
— " _ Lawrence for three years, or of the Colorado for more than thirty years. ‘Lhe i i ‘fre 
abl 
¥ 
tof 
4 
inter 
4 
— aridi 
than 
— whiel 
— 
— theo 
nave Fate alld provavly vie que flood 
eharga the ississinni cann he ow decirah ight of h, 
any n 
in 24 
off 6 f 


Papers.] RuN- -OFF OF MISSISSIPPI BASIN” 


-Yiver,. the ob In Miss 


t, can probably x neve 


: have a Major effect: 2 and at most can per add some small amount to area- 
sonable factor of safety which should contained in any plan of flood 


The Mississippi of the and the four principal 


EE tributaries—the Missouri, Ohio, Arkansas, and Red— -drain 96% of the total i 


area of f the Mississippi Basin. There are gauging stations which will yield 


Wwe 


continuous and reliable records at all stages of, discharge from | about 86% of 


the area drained by rivers above Cairo. Below Cairo, however, + the 3 run- m-off 
to 
from only 18% is fully measured, a -_ 


part the that i is subject to torrential rains. 


rated of “unbreached lev ees. There. are, howey in this. part 


basin no records. of stage that can be satisfactorily. converted to records” 
of discharge. for the varying conditions of slope and of flow through 1 lateral — 
flood channels resulting from crevasses. - In other words, there are no Sag 


recor ds. of crest discharge of either. the river, or of ite tributaries 


Cairo, and the existing voluminous records are attered. through hundreds 


reports, in part out of ‘print, and are too. lacking in adequate analysis, 


interpretation, and. co- -ordination to be reasonably usable. 
The eastern and northern tributaries drain: regions of moderate precipita- 


_ tion that accumulates i in part during the winter in the form of snow and i ice, 7 
i 


<j which thus form the source of the characteristic spring -freshets that occur 


Or 
the rising temperatures release the water. The head- water feeders of 
the western, and northwestern tributaries drain large 1 regions ‘of semi-_ 


aridity, j in which the precipitation decreases gradually toward the west. ‘Mare 
| than: one- third of the basin of the Mississippi lies west of the 100th “Meridian” 7 


| which passes through the middle of the Dakotas, Nebraska, and Kansas. This 


¢ 
part yields considerably less than 5% of the water of any flood. _ By contrast, a 
the Ohio , draining | 1 1% of the basin, m ay yield 50% or more of a Mississippi 
flood, and the lower basins of the southerr 1 tributaries and the lower valley 


ight b ne of the Mississippi itself, which are subject: to heavy rains that may oceur in > _ 


N ature. 


month with the intensity Of cloudbursts, yielding several inches of rain 
fh 24 hours, may furnish | a considerable and critical part of the flood waters. in 

An illustration of the ‘differences in run-off between the humid and dry 

- parts of the western and southern n tributaries i is afforded by the recorded run- 

off of the Missouri River for the ye year October 1, 1925, 5, to September | 30, 1926, 

at Leavenworth, Kans., and at Boonville, Mo. At Leavenworth, with a drain-— 
writer's age area of 428 000 sq. miles, the run-off w as 26 400 000 acre- -ft.; at Boonville, 7 
with 1 drainage area of 5 08 000 sq. miles, or ‘only 20% ‘more than that at 
A vegeta- | Leavenworth, ‘the run- -off ff was 40 900 000 acre-ft., or nearly more. “ont 


The foundation or base of every great flood i in the > Mississippi comes from — 
the Ohio, ‘Starting: with at least a ‘reasonably large flood in the Ohio, 
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building up of s a a great “Mississippi flood 1 depends o on a the 


The peaks of the Ohio floods generally pass into the Mississippi between Jan- 
teney 1 and May 31. i They frequently join with high water from the Upper 


Mississippi at Cairo, as | the records of stages at St. Louis ‘show that April, 
“May, June, and July are the months i in which crest stages’ generally ‘occur at 
that place. Fortunately, however, for floods at Cairo, the | crest stages oa 


Ohio are > generally ahead ‘of ‘the’ crest stages from the 
{ 


sippi and a late flood from: the Ohio may reach Cairo simultaneously. Never- 
theless, it is probable that the climatic conditions that cause early floods on 
- the Upper Mississippi also cause ‘them on the Ohio—in other words, ‘that cli-. 


“matic conditions make the possibility. of a combination of crests of floods” 


from the two rivers at Caifo rather remote. 


If there were no influx of flood waters below Cairo, the flood problems of 


the Lower Mississippi would probably be relatively simple; because the natural = 


channel and flood- plain storage would so flatten the crests of the floods pass- 


ing Cairo : as to, permit the water ‘to pass without. causing ‘damage through 
"those stretches of channel i in the river that have smaller capacities than. 
the channel just below the mouth of the Ohion 


aa The yield of the lower tributary basins and especially of | the parts of those 3 
basins that lie within 200 miles on either side of the ‘Mississippi, in the path 


of the big storms, is is, therefore, of great importance in in any study of floods, and ¥ 
it. is just this part of the run- -off that is largely unknown. ‘The contribution 


of the lower part, of, the basin to the disastrous floods of the “Mississippi | is: 


- caused exclusively by ‘heavy rains that occur most frequently from October to 


“March, but that come occasionally in the late ‘spring ¢ and early summer. 
‘ rate of local run-off is dependent « on the magnitude and intensity of the hill 
Seton, over this southern part of the basin. _ The probability of floods in| 
the Ohio synchronizing with floods i in the lower tributaries of the Mississippi : 
appears, therefore, to be much greater than that of floods in the Ohio synchro: 7 
with floods in the Upper Mississippi. Jo ody 
in n the ‘Ohio to which melting snows in the h head- water tributaries contribute, : 


or. floods i in the southern tributaries due to heavy | rains over broad areas: of the 


climatic that ‘produces. floods has occurred periodically for ‘count- 
less ages and will be repeated again and again as years go by, and floods: will 
surely recur with those conditions. — De Soto experienced a great flood when | 
he visited the Mississippi, but it conuiid ‘no great | damage because there was 
— little to be damaged. _ Future floods may be no greater than that of De & Soto’s 


a time, but if they are uncontrolled they | will be increasingly destructive i in lives 

j 

pre property ag the use of the greet flood. of the delta increases, 


= 


— 
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fy The flood-plains of the Mississippi and its delta shave been built by its 
The lands that are now protected by levees” from overflow ov owe their 
very existence to floods. The process of valley and delta building involves — 


periodic inundation and the deposition of silt. River r channels through 
| flood- plains and delta do not normally have’ ‘sufficient capacities to carry” 
within their banks” the floods that occur. change from this: fundamental 


‘condition of overtopped banks and temporary lateral storage of water is, there-_ 


fore, man- -made and represents a radical departure. from the natural processes 


of a silt- bearing - river that is constantly building its delta. It must be recog- — 

_ nized that such an artificial change in the regimen of a ‘great river is always — 
attended by difficulties and dangers and that to be adequate, it must be on a 


commensurate with that of the natural forces. 
al In Nature’s 8 process | of flood- plain building, | a Mississippi flood, after leaving P. | 


in the St. Francis, Tensas, Yazoo, and other basins, and would 
é be drained therefrom over a period of several months at a a fairly uniform but 7 


lesser rate than the maximum it inflow to those basins. _ Consequently, the chan- 7 


nels leading from the basins to the Gulf would be formed with smaller capac- 

_ ities than the channels discharging water into the basins. So long as the great - 

overflow basins were available for temporary storage of exe excess ‘flood waters, 


the smaller channel capacities across the lower delta were ample. As man has 


gradually shut off these natural regulating basins by building , thereby 

depriving the river of their effects in “equalizing flow, the floods below ‘the 
basins have inevitably increased in magnitude, and greater channel capac- fy 

_ ities have been required. Available records of stage show clearly this situation, a 

which should have been expected as surely as increased fluctuations in the ‘stage 
a and discharge of the ‘St. Lawrence would follow if river channels were to be 2 

through the Great Lakes so as to ‘eliminate the equalizing effects 
afforded by the natural storage of those wonderful natural basins. 
odd The run- -off characteristics ‘of the Mississippi Basin above Cairo aie’ fairly 

well known and are not. being changed radically by man, but those | below 

_ Cairo have been ‘and are being gradually changed with progress in the con- 
_struetion of levees, and there are no satisfactory records of the “resulting 


| in crest of discharge. The run-off characteristies will continue, 


tribute, of course, to change until stability has been reached in a system of levees, 


be Cairo spillways, and overflow basi basins that will carry uniformly the successive floods 
f _ Students of hydrology have long realized that. -a flood like ‘that c of 1927 was 
count inevitable, They know, too, that similar and even larger floods will occur in 
ods will future, To the end that the “mangnitude ‘a and periodicity o of these 
when great floods m may known within reasonable limits of error, it is necessary 
was that the yield of water by the tributaries shall be definitely known over a 
‘period of years, not only i in total quantities, but i in distribution throughout | the — 
‘Year and in variations from y year to year. On no. other basis can satisfactory 


| forecasts of future floods be made as a necessary first step in designing control _ 
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overflow channels to the Gulf cannot, of course, be. longer left ne 0 chanee, ‘but 


such capacities of. ‘channels. and overflow basins must be provided i in advance a 
of: flood : as to remove the danger of disastrous breaks in levees. ‘Tt may 

stated, as a self-evident truth, that the nearer the methods of flood control 
conform to Nature’ s way the less will” the difficulty” in maintaining the: 
‘control works, a and, conversely, the greater - the departure from Nature’s way 
the stronger will be the tendency ; for the riv - to return to natural conditions 


and the more difficult will be the maintenance of these v w rorks. 


i is the writer’ S opinion that an adequate determination of the necessary 


=a and storage. capacities can be made only on the basis. of reliable esti- 


mates of the quantities of water for’ which provision — must be made in the 
stretches of the er, and such estimates. must rest on continuous ‘reli-_ 
ilarly, the of selecting ‘the best. loca- 


mapped. As less than 8% of this area is now mapped, the problem is, indeed, 


4 
“It is fortun: ate ‘that the “same | records and maps will ‘Serve as a basis | ie 


both flood control. and. gener ral dev elopment.. The problea ms arising in connec: 


tion with, the utilization and administration, of surface waters: in ‘the Dall 


‘be ‘reached ‘only on “the of data in “regard to 
- quantities of run-off and its distribution with ‘respect to both time and drain- . 


areas. utilization ‘progresses, these e data are becoming 
_ for flood-control works: and ro important structures to utilize rivers, or to be 

built, on their banks or flood- ‘plains, should int the interest of safety and 


many failures of enterprises developed on the basis of. insufficient 


of water supply. unsafe to proceed 


“the interests, “of which flood control is. thei 
ing, and the complexity and interrelation of the many problems involved, 
provision should be made for the collection of these necessary data on a con z 


‘tinuing and for their a1 , correlation, and publication in 
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floods ‘the affect the development and prosperity of 
Tnited States, but 
As ] increases and development progresses, the resources of 
this vast region must ultimately be completely. utilized in the production of 
foodstuffs and textile raw materials needed by the world. W hatever effects 
aan levees and other works for « controlling - floods may have on the run- -off 
characteristics of any part of the basin, the ‘must be accomplished. in 
the ‘interest, not only of the flooded regions, or the entire ¢ Mississippi Basin, 
but” of the whole cannot be done if ‘situation is 
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2492 OF THE MISSISSIPPI RIVER COMMISSION. 
THE THE MISSISSIPPI RIVER COMMISSION 


thes The Mississippi River Commission was “created by an “Act of Congress 
— approved June 28, 1879. It consists of seven Commissioners, three of whom ai 
are selected from the Corps of Engineers, Army; one from the U. 
Coast and Geodetic Survey; and © three from civil life, two of wh hom must be off 
The basic law required ‘the Commission to ‘mature a plan | or plans as 
— 4 will correct, , permanently locate and deepen the channel, and protect the banks st 
a rE of the Mississippi ‘River; improve and give safety and care to > the navigation as 
thereof ; prevent destructive floods; promote and facilitate commerce, trade 
It also called f for a report i in full on the © practicability, feasibility, and poe 
probable cost of the various plans known as the jetty system, the levee system, poh 
: thro 
and the outlet system, as well on such others as the Commission deemed § 
Liv 
_ necessary. . Before presenting the ‘conclusions of the Commission as embodied ee 
& in its first 1 report, it seems desirable to describe briefly the physical character- 
eS - isties of the Lower Mississippi Valley and the work that had been done prior the | 
a _ to the creation of the Commission and, particularly, to refer ‘to the prior Fed- see-f 
a : eral and as the results of those studies the plan 
first 
it m 
' T | Mississippi River and i its tributaries drain an area of 1 1 240 000 ) $4. river 
including all or portions of 31. States and about 20000 miles of grow 
™ natur 1 of the are as shown in Table admi 
>. 
ABLE 12. —DIvisions OF oF THE MississipPi Basin. they 
| Ratio vo entire basin, 
165 900 0.18 


he valley, with whi h the is” concerned 
begins at Cape Girardeau, Mo. , 52 miles. above Cairo, Ill . This flood-plane of 


Gee varies in width from 20 etn ot ‘north of Natchez t 0 380 


— 
— 
— 
_differe 
— 
3 Perati 
the sa] 


4g 


45 Below it spreads out into a broad delta, ‘the 
= of which i isa semi- -circle having a radius: of about 80 miles. 


_ Through this valley the river winds its way to the Gulf, generally following 


“eh bluffs on the east from the mouth of the Ohio to Memphis, Tenn. , touch- | 
ing the west bluffs at Helena, Ark., and hugging the. east bluffs closely Sot 
Vicksburg, Miss., to Baton Rouge, La. | The air- ‘line distance from Cape Girar- 
a to ‘Head of the Passes is about 600 miles, the - river distance, 1102 miles. 


i The river er flows, in av well- defined but unstable channel, the natural banks 


which are from 3 to 12 ft. above: the general level of the plain. ‘These 
7 banks : are highest nearest the river and have an average slope away from the - 7 


river of ‘ft. “per mile ir in the ‘first mile. The river is constantly eroding its 
banks in ‘unprotected bends and forming new land on points, ‘This ‘caving 
is is accentuated in many places by 2 an underlying strata of sand ‘white washes 
e out and causes tl the bank to fall by: its own weight: as the Tiver subsides. 

_ Above the mouth of Red River. on the. right bank, and above Baton Rouge ~ 


on the left. bank, the: drainage of the valley finds its way into ‘the river” 
Below these points the drainage i is carried away from the 

river a and into the Gulf of Mexico through numerous bayous: and streams. 

The ‘minimum measured discharge of the river at Columbus, Ky., below 


. “the mouth of | the Ohio, is 71000 sec-ft.—the maximum at this point, 2 015 000 
“see-ft. having occurred in 1912. The carrying capacity of the natural channel 
bank: full stage i is about 1000 000 sec- 


a 
of. economy were built on ‘the highest that i is, near r the 


bank. al The extension» of levees kept with the establishment and 
growth of settlements along the lower viver, each planter being required to 
complete the levee along his own river- front. In 1812, when Louisiana was 
admitted to the Union, the levees extended on both sides of the river, to Baton — 

Rouge on the left, bank and to Point Coupee on right bank. By 1844, 
they were almost continuous from 20 miles below New Orleans to the mouth 
of the Arkansas River. on the right bank and to Baton Rouge on the left. bank. : 
| joe The floods of 1849 and 1850 caused widespread damage i in ‘the valley. 

National interest was aroused and i in response to a plea for Federal aid, the 
Swamp Land Act w as ‘passed in 1850. By this Act the Federal Government 
“granted to the several States i in the Lower ‘Mississippi. Valley all unsold swamp 
< ‘lake and overflowed lands within their limits to provide funds to reclaim the 
districts. subject | to overflow. States of Louisiana, Arkansas, 


Missouri organize 


 differe 


and parishes within a State, and tos a total of co- ‘ordination atid! 
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the same year, Congress appropriated $50 000 “for a topographical 


we hy drographical survey of the delta of the Mississippi with ‘such investigations 
as may lead to determine the most practical plan for securing it from inunda- 


tion * hath + Ms This | work 1 was placed in charge of Capt. A. A. ‘Humphreys, 


Corps o of Engineers, Be Ss. ‘A. Field work was started in 1851, but suspended 
in the fall of that year until 1857 7 when it was resumed by Lieut. Henry 
Abbot, Corps. of Engineers, wv. S. who had been, detailed as Assistant to 
Captain Humphreys. The final on this survey was submitted jointly” 


This report which is very ‘comprehensive, discusses as plans for protection, 


4 
a system of cut-offs, the diversion of tributaries, a system of head- water Teser- 
- -voirs, and a system of outlets as alternatives for levees. Its conclusions were > 


: that no a adv antage could be derived from diverting tHbaharies or constructing | 
reservoirs, that the plan of | cut-offs and new or enlarged outlets to the Gulf | 


were too ‘costly and too dangerous to be attempted, and that levees could be 
relied u upon for protecting all the alluvial bottom- -lands liable to 
below Cape Girardeau. | , it noted, however, the possibility of reducing levee 


heights near Lake Providence, Ta., by constructing near r that town. an outlet 
‘leading to Bayou Tensas and the Black River, but its approval of this alterna- 


7 he Humphreys and Abbot investigation ‘included measurements for the 
‘determination of the quantity of sediment in ‘suspension in Mississippi River 

water. These’ observations: were begun at Carrollton, La., in 1851, ¢ and « con- 


4 


tiawed for two years and | the results, combined with: similar measurements 


= 
made by other agencies, led to the following conclusions: 


(a ) “* * * the Mississippi water is not charged to its maximum capacity 

sediment; ; * * _A most important practical deduction may be drawn 

5 from this fact, namely, the error of the popular idea that a slight artificial 
: a retardation of ‘the current, that caused by a crevasse, for instance, must pro- 

a deposit i in the channel of the river below it. 
(bo) “* ~* * the sediment of the Mississippi is to the water, by w eight, 
nearly as ¥ to o1 500, and by bulk, nearly as 1 to 2.900; provided long periods — 

- a -of time be considered. * * * and if the mean annual discharge of the Missis- 
= ‘sippi proper be correctly assumed at 19 500 000 000 000 cubic feet, it follows 
aa that * * * sedimentary matter, constituting one square mile of deposit 241 
ee in depth are yearly transported i in a state of suspension into the gulf. _ 
(ec) “Besides the amount held in suspension, the Mississippi pushes : along 

= the gulf large quantities of earthy matter. 
2 “No exact measurement of the amount of the annual contributions to the 
“iiaae gulf from this source can be made, but from the > sone rate of progress of the 
bars into the gulf a it appears to be * * wr" a would cover a square 
about 27 feetdeep, y abdal boo 
ey. “The total yearly contributions: from the river to the gulf amount then, 
a prism 268 feet in height, with a base of one square ‘mile. 
The next milestone in the history, of the ‘Lower Mississippi an Act of 


id Congress (1874) appointing a Joint Civil and M ilitary Commission to make a 


1 report upon the best s S stem a of ‘permanent reclamation and redemption of 
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5, was based upon the of ‘the Humphreys and Abbot survey, and 


A008 
“upon additional data secured subseque nt thereto. Tts conclusions were: “No 


practicable aid be deriv ed from | any, diversion of tributaries or 

nded ficial: reservoirs ; that cut- offs” are — ene and that outlets, though | 

| correct in theory, find no useful application to the re general 

nt to system of levees was recommended. 


intly Mississippi River Commission wa s created four years later. 


: “first report to the Secretary of War (1880), it advocated as the best eis of 


— 


ction, securing the needed improvement in its 1 navigation, a plan which would con- 
reser- centrate, rather than disperse, the waters of the river. | In this report it also” 

“were” o condemned the outlet system as a means of flood. control, expressing the ‘belief 
cting ‘ ‘that “no § surer method of ultimately raising the flood surface of the river sr can 


Gulf § bes adopted than by making lateral outlets for escape of its flood waters.” Pau, 
ald be — Asser ting that the bad navigation of the river was produced by t the beien~dl 
dation . mm erosion of its banks, the | “excessive widths, a and the bars and shoals result- 
therefrom, it proposed to narrow the river, where too wide, b by 
works and to protect the caving banks by bank revetment. This 


poe | was assumed by the Commission to be the plan referred to in the Act as the 


“Jetty System”. As a means protection against floods, ‘it recommended 

the Tevees as essential to prevent « destruction to life and property | by overflow. The = 

Commission was not agreed as to the: value of levees as an auxiliary t to a plan 
‘The first for the improvement of the River in 
accordance with the plans of f the ‘Commission was made in March, 1881, an d 
apacity work continued { for several years, but sev eral facts were soon 1 developed, namely, _ 
) drawn that the light contraction works originally, designed were much too weak ; that 
rtificial 
ast pro § the cost of the improvement | w would be much greater than had been originally 


estimated that one of the f first results of contraction work to increase 


Ww eight, bank caving; and that generally bank revetment was of greater relative im-— 


— | portance than had at first been considered. 
| follows” Le The work was interrupted i in 1885 by a legislative proviso that no works of +. ae 
sit: 241 protection or revetment should | be executed until it was found that per- 
rulf. Meable contraction works would not secure the desired stability of the Tiver 
=, This. prohibitive clause was not revoked until late j in 1888, 80 that four 


ive working seasons Ww were practically lost. After that date, bank 


4 tection became of prime importance, contraction works being restricted to “i? 
repair and completion of w ork under way. bay Seat to, 


SS of the 
a square 


7 
Although: the ‘Commission in its report of 1880 had recommended levee 

a means of protection against floods, Congress was then unwilling to expend 
1 Act of Government funds in protecting the land of private ow ners, for the first -Appro- “a = 


ie “That no portion of the sum hereby appropriated shall be used in the repair a 


or construction | of levees for the purpose of prev enting injury to land by over- a 
ow or for any other purpose whatever | except. as a means of deepening or 
improving the channel of said river.” Tay SIE 


4 
and 
i) 
4 
| 
4 
iption oF — 
nitted in | 4 
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In taking this position Congress was apparently. influence by the fact or 
in 1850 it had, through the passage of the Swamp I Land Act, conveyed to. the 


States | a free title to, all the unsold swamp and overflow lands in the delta 
om with the understanding that they would be sold and the proceeds used J 


to protect them against overflow. In the Appropriation Act of. 1882 it 

+e “That no part of this appropriation shall hos expended: for 2 repair or r to. 
build levees for the purpose of reclaiming land or preventing injury to land | 
hy overflows ; provided that the Commission is authorized to repair and build > “4 
levees if in its coe it should be done as a part of its plan to afford ease 
merce on the river and to deepen the 


Under the strict ct prohibitive clause in the - Act of 1881 no part ¢ of the appro- 
- priation was allotted to levees. y Under the . Act of 1882 which gave somewhat 


= wider discretion to the Commission, a large” part of the appropriation | was” 
allotted to levee construction. 1. From that time on n the policy of allotting 


money for levee ‘purposes was but it was that the 


ture by the Commission were "divided between n levees, re revetments, and dredging, 
but the work on the levees was looked upon as an . adjunct to river improve- 
“ment. It was not until the Flood Control ‘Act of 1917, that, flood control 


‘became by as definitely a of the Commission’ work as is river im- 


provement. ‘That ‘Act provided for co-operation by local interests, they 
_ provide the necessary right of way and to pay not less than one-third of the 
cost of levee construction, and to assume the entire cost of maintenance after 
The cost of river improvement (revetment. and dredging) was 
to be paid for entirely out of Federal funds. ‘ 
ee Considered as an adjunct. to river improvement, it was natural that — 


should be placed fairly close to the bank. placed them on the highest 
- ground, thereby reducing their cost, it prevented cross- currents and consequent 
«fill within the river banks | during flood, to the detriment of ‘the low- water 


channel, and helped to stabilize the main channel of the river. Even from a 


flood- control ‘standpoint there i is much to ‘be said in of placing the levee 
line fairly close to the river bank. 

The levee. section of 1 1882 was a modest earth “gmbenkment, with an 8- ft. 


grown and slopes of 1 on 3, with ‘practically no free- board above the flood of 
that year. At Lake Providence this resulted in a section that | ‘contained 161 
7 sq. ft., or 81 000 cu. yd. per mile. As the levee lines were extended and ‘the 


a flood flows more and more confined, it became mecessary to raise ‘the levee 


grade and correspondingly increase the section that, in 1896, there was at 
Lake Providence A! eross- sectional area of 530 sq. ft, and a yardage of 103 000 


Peale, and, in 1914, a cross- -sectional area of 2 158 sq. ft. and a yardage of 
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‘This building upward, tow ard the levee grade required to. 


a given flood completely, is believed to be responsible for the “widespread 
fallacy that when a sedimentary s stream like the Mississippi is confined between 


 Tevees, levee grades must be steadily raised to keep pace with a rise in the © 
tiver-bed. In some ‘instances: it has been asserted that the bed of the Missis- 


sippi River, due to the levees, has risen until it is above the surrounding 


ie country. * This view, that there has been a marked change in the elevation of a 
the tiver-bed, not borne out by the results of surveys made at many 
ferent. points over a long term of years. 
- In 1924, a study was made of a reach of the river along the Lower St. 

Francis Basin in Missouri and Arkansas. _ This basin has a tiver frontage « of 


236 miles, from New Madrid, , Mo., to Helena, Ark. | ~The construction of 
modern levee systems in that section was ‘not begun ‘until 1893, e 


ease 
1 the 
| 


except for 
about 60 miles on the east bank of the river. The period considered was from 


1882 to 1991, inclusive, a ‘period extending from no le levees to complete levees. 


1 Was 


| The low-water troughs each ye year passing the gauges in the reach were tabu- 
ven lated to show the elevations of such troughs at the various gauges, all of which a y 
ut the had been established prior to 1882 and had been read regularly since that 
date. This | comparison showed a decided lowering o of the low-water plane. 
Recently, more than 2 000 measured cross-sections at different points 


the river were compared to show the changes that had occurred between early 
-surv eys and those of recent years, and the results show uniformly. a moderate 
but well- defined increase in width, depth, and cross-sectional area. It is a’ 


Vet? 


4 well- recognized fact that Mississippi River bars do build up on a rising river — 


and scour out on a a falling river, but these are seasonal changes and the effects 
t 

are not permanent. also travel down stream, diminishing the de pth 

‘i - one section and increasing it on another; but there is no evidence whatever 


in the records of the Mississippi River Commission to support the view that — 


the bed. of th the ‘Tiver is being raised due to the construction of levees. 
5 
| Prior to the flood of 1927 the major flood of record was: that of 1912, and, 
zhest 
csi ' as a Te result of that flood, the Commission established levee grade lines ie 


the main river computed to be high enough to contain with a 3-ft. free-board 


a flood of equal magnitude. At the ‘established new standard 


he levee 
“Levee: Crown to be 8 ft. to 6 ft. above mouth of Missouri 
Joa " Miemme front slope to be 1 on 8 to intersection with natural ground (or bottom 

m — af old borrow- -pits where enlargements have thrown the toe of the levee so far 

forward) ; and back slope to be 1 on 3 to intersection 1 with top of banquette, 
ft. which will be from 5 to 8 ft. below the. levee crown. __ 
an oO 9s “Banquette: Top to be 20 ft. wide for levees from 10 to 13 ft. high, 30 ft. 3 
» flood of wide for levees from 18 to 16 ft. high, and 40 ft. wide for levees exceeding 16 ft. 7 


161 
1 and the 
the levee 
re was at 
yf 103 000 


in height; top to have slope of 1 on 10 away from the levee; and rear slope | 
4 to be 1 on 4 to intersection with natural ground. Tn eases of extreme height 

rossing sloughs or bayous—a false berm may be. required beyond the rear 
~ 


both grade and section but, generally speaking, 

anged at the time of the flood of 


ip 
er Subsequently, slight modifications were authorized by the Commission 


. 


both were substantially 
though work had — in in progress 


\ 
| 
was 
4 
r to 
land 
yuild 
e 
prove 
control 
er 
— 
a 
from 
q 
&g 
age ot 
» 4 
— 


for two ‘more years would have been required for 
of the levee project, at the rate at which funds being appropriated. 
2. 4 od - The Annual Report 0 of dl e Commission for 1927 shows a total expenditure 


= for levees by the United States from Federal funds of $71 0000 and 


on levees and in expenses: incident | thereto, , Such as rights of way, repair work, 


of chy, Commission, 000 000 


high- -water expenses, etc. | This combined ‘expenditure a $238 000 000 is repre- 
sented by 1 880 miles of levees containing approximately 500 000. 000° eu. yd. 
of material, — This shows an expenditure of slightly less than 5 50 ‘cents per 


cu. yd. of material now in the levees; the difference between this and actual 


cost per cubic yard ieine represented by lost or abandoned levees, by expenses 
for maintenance and id repair, and i In the cost of Posing crevasses and sani 


are consulted, progress s toward completion 


x 


while in 1918 the estimated final contents of the levee line was 413 000 


“save 


In six years, from 1918 to 1924, the lost or r abandoned yardage ¢ amounted — 


15 800 000, about 0. T° 
system. The losses have been due partly to the necessity of 


‘old lines where threatened by caving b banks and partly to changes in — 


reat 
ment in order to secure better foundations. The caving of banks i is much the m 

i ae cause of losses, and bank revetment is the only remedy for this evil. hay 


ruil number of years ago it was estimated that, of the 2 000 miles of bank- 


been s sufficient to o justify ‘undertaking the work on a large scale or in a syste- 


ma matic manner. Each ‘year it has been necessary to confine revetment work 


2 Oi: : to cases of the most urgent necessity, such as threatened cut- offs or r endangered 
levees that could be replaced only at excessive cost. en if the work has of 


4 ecessity been in haphazard manner there was at 


a revetment. The funds available work, however, have ‘never 
; 


te 6 in. peretctie and from 30 to 50 ft. long, which ; grow ‘rapidly and in 


undance on the sand- bars along the ‘viver. - In the earlier forms, the “revet- 
wont and the 


given strength means of large ‘ “poles”, below 


tt This type has given way to the 
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wire. . hese are e placed side. side to make up ‘the 
of the mattress, and ¢ are held i in 1 position by being tied underneath by means | of © 


galvanized ‘ “sewing strands” running over and under the bundles’ to longi- 
tudinal cables, the earlier forms were made 


i — 
Se nd 
dof 


‘number of different types of f reinforced 


been in use about five years, This ‘Ged of is ‘fabri- 


ented in units 4 ft. wide iby 3 ft. Jong and 32 in. each unit consisting 


‘ 


erete has | a second layer is cast on top of the 

~ layers being geparated by heavy paper. These units ¢ are united by cables into 
aero on floating launching ways 2 and are sunk with their long side per- 


pendicular t to the bank. w illow mattresses are constructed with the long 
4 edge parallel to the bank. Since its inception. this type of revetment has been o 


improved by. increasing the size the life of the reinforcement 


never 
syste- 

work 
ngered 
has 


ace, at 


dows 
from 
nd in 


the long ax axis ‘the ban, ‘more “readily 


to too light. Fo or use in experiments are in progress with a 


“mattress composed of overlapping and interconnecting concrete slabs 4 in. 


‘thick, 6 ft. wide, ‘and 11 ft. long. A large seale experiment with this type of 


Mattresses, whether of willow or concrete, protect only the -_under- water 
slope, extending out from the water line to about 50 ‘ft. the foot of 
‘Ee the slope. 7 Above the water line the bank i is graded to a. slope of 1 on 3 and — 
paved with rip- rap stone, or concrete. 


To the end of the last ‘fiscal year ‘the C commission had expanded in new 


Tevetments, and is repairs renewals, $61 000 000, an average of $475 0 000 
Bt mile of effective revetment. & In addition to its expenditures i in levees and | as 
Tevetments, the is maintaining and operating a fleet of dredges 
340 


nd 
= 
vee 
by 
ion 
000 
rk, requisite strength and rigidity, wilt 
“ey These mattresses are built on floating ways in lengths of 1000 — 
varying widths depending upon the character of the bank to be revetted. The 
-mattresses are sunk in position by stone dumped from barges. In certain _ = 
places where rock was costly, concrete ballast blocks weighing about 65 lb. 
oncrete_ mattresses have also _ 
ned 
that, 
9000 — 
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at an - average | annual expenditure of $600 000, in order to “tihdtiithdin a navi- 


4 gable depth of 9 ft. over bars during low- water periods. 
4 


As revetment work “progresses the material annually into the river. 
—" decrease, and it is anticipated that this decrease in the amount of mate- 


2 rial i in motion will greatly i improve the low- water channel and decrease expend- — 


te The levee work is primarily i in the interest of flood protection and, as was 
mentioned previously, is paid for in part by local interests. The dredging 


work is in the interest of navigation and, like most other navigation projects, 
* paid for wholly by the Federal Government. 


‘and to but. existing law it is regarded as part of the 
navigation, project and paid for wholly by the United States, except in one « or 


that its plan ‘would do more than protect against a flood pis to that of 1919. 
In working toward this limited objective ‘it has “many times been importuned 


to provide special. ‘relief for. New Orleans the construction of one or 


more spillways above or below New Orleans so that that « city might be spared 


“Tine established for ‘the entire river. “Such ‘work the Commission has 
- tofore declined to 0 undertake on the ground that the limited funds at its dis- 


ore and that to divert $5 000 000 or $10 000 000 to the construction of spill- 


ways at or near ‘New Orleans would be unfair to those levee districts the levees 


‘of which were still not ‘up to the grade line of 1914. ow 
The rainfall throughout the valley of the Mississippi River which 


> _ flood of 1927 was extraordinary in volume and i in duration and it occurred . 


at a time when the natural storage in the Mississippi itself and the storage 


basins contiguous to it in the delta were already well filled. The ‘rainfall in a 
Eastern Oklahoma, Western Arkansas, and Southern ‘Missouri was unpre- 


-cedently 1 heavy caused discharge from the Arkansas River almost as great 
as that of ordinary high water in the Mississippi itself. ying 
iti is difficult to compare the magnitude of different Mississippi river floods — 
at a given point on the basis of maximum measured discharges alone, for at 
‘same gauge height the discharge will vary widely due to differences in 


slope, and the slope, i in turn, will depend upon the extent to which the river 


basin: is filled and upon the rate of rise. 

= _ Columbus, Ky. » 22 miles below the mouth of the Ohio River, at Cairo, i 


a check on the ‘observed dis- 
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charges it is customary - to assemble the volume contributed by the Mississippi 


and the volumes - contributed by the Ohio at | Evansville, Ind., and its prin- 
cipal. tributaries that. point. Table 13 shows the volume of 


Ohio as a whole. ‘The greatest discharge that | ‘occurred within 
a period of 3 to 6 days before the flood crested at Cairo was used for all sta- 
tions, | ie etree at the maximum recorded stage fo for each station is also 


| Cumberland. Ohio.* 
Station... Mt. Carmel, Ind.| Evansville, Ind. 


— 


R 


& 


Com 
OF 


8 


8888888888 


Maximum n recorded,.|_ O 673 ‘ 


- * This column obtained by summation of quantities shown in the 


In Table | 14 the Ohio. River contributions are added to those of the 
 Minsissipsi at St. Louis and the total compared with the : maximum observed 
1 discharge at Columbus, as well as the discharge at Columbus 


rating curves. the Mississippi River contribution there was the 


highest ¢ gauge reading which occurred at St. Louis within a nesel of 2 to 8 


before the flood crested at Columbus, 


sum 1 of t the discharges at St. Louis and from ‘the Ohio River does 
represent. the total discharge at Columbus, because it does not include 

the x run-off, from the drainage basins of Meramec, Kaskaskia, and Big elie 


Rivers and a number of smaller vin ni | 


eT Table 14 shows that the maximum observed Siachanne at Columbus i in 1912 
and 1913 was nearly 300 000 sec-ft. more than was measured i in . 1927, yet the 


“maximum gauge reading in 1927 was 1.6 ft. higher than i in 1913. These differ-_ 
a ences are believed to be due i in 2 part to differences in the shape of the flood crests 


‘locity, that ‘were e abnormal at the time ‘the was” measured. 
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WORK OF THE “MISSISSIPPI RIVER COMMISSION 
streams was 1 702 000 sec-ft. in 1912 and 1614 000 ‘sec- 1927 On 
other hand, ‘if dependence | be placed i in the rating enieve: the 1927 flood ciliedaaa 


1912 flood at Cairo by 0 ft. In formulating plans for 


ve and on the side of safety 


te! assume a diecharge corrésponding to a foot on gauge at or near 


stages, no greater than that shown by past floods. In the 1927 
ood a foot on n the ‘gauge at and near the maximum stage cbenibends vi 

the average to a flow of 60 000 ‘sec- -ft., t., and, as no flood of the past shows a 

smaller aver rage discharge, that ratio. has been used by the » Commission in 


‘ne TABLE 14. —Discnarce, 1x Cusio Feet Per SECOND 


Bt Louis Mo. Table _|Columns (2) and (8). 


Sealed from | Maximum 
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Another measurement at same stage gave 1 434 000 sec-ft. = 
wi 
Another measurement at about same stage gave 1 447 000 sec-ft. 


¢ Measured at 48.5-ft. stage. At the maximum stage the discharge measured 1 854 000 

Mean of seven consecutive measurements was 1 959 000 sec- ‘ft. olds 

Cairo gauge was 53, ‘7 ft. at time of ifr | 


Ty The maximum: discharge past the latitude of Arkansas City ‘in April, 1927, 


been estimated at 2662 000 sec-ft. is 250 000 sec- ft. more than in 

4919 and about. 200 000 sec-ft.. ‘more than in 1916. 

The estimated maximum outflow fro m the latitude: of River. was 

a 350 000 ‘see-ft., about 300 000 sec-ft. Jess that’ at Arkansas City. If to ‘this 

‘dimershes the flow of the Yazoo and the Red Rivers i is added, a measure of the 

influence of storage ‘in the lower ends of the Yazoo and “Tensas 


and in the 1 river ‘itself, is obtained. wee 


it to the flood of the Commission was directed by the Seere-_ 


_éannot ‘be divulged, it is proposed to ‘outline, in a general way the nature of 


neers, Although the ‘atid? of the “Commission 


the problem and’ briefly to some of the methods considered. 
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Asa basis for a new project, it was determined to set up a a probable future — 

‘maximum flow at Cairo. j The discharge at Cairo in 1927 ‘was approximately 


4 800 000 see- “tti In “determining how 1 much larger a flood should be provided - 
for, , consideration was. en to the fac tliat if to the maximum ‘discharge of 
| the Mississippi at St. Louis there was added the maximum discharges of the | " 
g Wabash at Mt. Carmel, the Ohio at Evansv ille, the ‘Cumberland at Nashville, 
and the Tennessee at at Florence, the total would aggregate more than 3 000 000 - 


—«see-ft. If the maximum discharge of the Ohio and the maximum discharge } 
of the Mississippi at Cairo were added, the total would be about 2700 000 


see- ft. _ If to the estimated discharge ¢ ot the: flood (1800 000 sec-ft. 


|Columbus, Ky 
New Madrid, Mo 
-|\Cottonwood Point, Mo 
Fulton, Mo 
_|Mempbhis, Tenn.......... eee 
Mhoon Landing, Miss... 
Helena, Ark 
|Sunflower Landing, Miss.. 
hE Mouth of White River 
Arkansas City, Ark 
|Greenville, Miss 
_|Lake Providence, La.. 
Vicksburg, Miss 
St. Joseph, Mo.... 
|Natchez, Miss..:.. 
Red River Landing, La. 
Bayou Sara, La 
Baton Rouge, La.. 
Plaquemine, La..... 
|College Point, La one 


these may be classed as “possibilities”, but it 
Seem] probable that rainfall sufficient ‘to produce such | coincident floods will 
ever occur. In its determination | of this question the Commission ree 7 
consideration to the views | of the local We Bureau meteorologist at 
yf oid Cairo and to the views of the Chief of the U. S. Weather Bureau. For 
purposes of ‘this paper it is proposed to assume 250 000 see-ft. as the prob-— 
able maximum | flood of the future at Cairo. If the relation between gauge 
and discharge established in the 1927 flood were maintained, | such a a flood, 
pform confined by levees, would reach stage of 65 ft. on ‘the Cairo gauge. This 
for assumed discharge 25% greater: than that. of 1927, a factor of increase 


- Wlative ly much larger than that assumed in the Miami Conser rvancy project, 


when the relative magnitude « of thé two drainage areas is considered. Tf ma 
‘teetion ; against ‘such a flood were provided by levees alone, it would 
an j increase in levee as shown in’ Table 15. 
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‘This: increase in levee height i is based | upon a 5- ft. om board instead of 
the 3-ft. free-board heretofore used, | ‘a modification that was generally recom- 


mended by the engineers of local levee districts as a result of their cern 


with the 1927 flo ood. These levee « engineers were also practically unanimous 
in ‘recommending that the levee section be strengthened flattening 


ere from 1 on 3 to on 4, pies increasing the crown 


_vertically below the crown. The flattening of the r river- -side Privates was 


cated largely as a a means of Protection against ‘wave wash. increased 
free- -board and increased width of crown were advocated as increased factors | 


of safety and ‘the flattening of the land- side slope was for 1 the “purpose of ; 
reducing seepage during: long- -continued high stages. | To increase the levees” 


such heights and to ‘increase the section as outlined would require ar an | 


The Com for main river levees alone of more than $500 000 000. aa 7 ~ 


at The Commission i in revising its project, considered all the many methods 


have been as: su for or as adjune 
and 


ts to a levee system. 
to include 


wn SSERVOIRS 


High £ floods i in the as far as crested 
at at Cairo between February ‘ 22 and May 9, except the flood of 1916. The 
flood’ wave at Vicksburg i is much longer and flatter than « at Cairo a and at this 

point the river is within 4 ft. of its crest for a period v ‘varying from 20 to 80 
5 days. . _The length of the ‘Mississippi River flood crest, the great distance of 


- the head- water reservoirs from ‘the region of the flood, and the difficulty of 
forecasting thes se that head- water reservoirs ‘above Cairo to 


ring 
hae 


determined the percentage of reservoir — which would have been goonies 


“thi A first study concerned head- water reservoirs above Cairo and assumed 
them to be operated solely in the interest of Mississippi River flood reduction. 
Reservoirs having an aggregate capacity of 7 000 000 acre- -ft.. were considered, 


the: cost per acre- -foot ranging from 50 cents to $112. it well storage-cost curve 


was prepared based on storage ata uniform rate during the storage 
on an efficiency as “measured by the quantity of water stored equal to 75% of 


ne reservoir capacity, and on a relation between | gauge and discharge at Cairo 


a. 1 ft. equals 60 000 sec-ft. "From this cost curve it appeared that the « cost of 
* _ reducing’ flood heights at_ Cairo would range from $62 000 000 for the first 
foot to $230 000 000 for ‘the fourth foot, and that a reduction of 4 ft. by 


means of such reservoirs, equivalent to 240 000 sec-ft., would cost $560 000 000. ; 


7 A more detailed analysis was then made using actual rates of storage 


instead of uniform rates and actual efficiency of ; reservoirs s instead 
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of an assumed average of per cent. Lad Allowance was also made for the 
effect of storage in the river valleys” between the reservoirs and Cairo. This 
‘more | detailed study was limited to the Ohio Basin and | comparison made 


Grn 


‘between the floods of 1913 and 1922. The effect « of valley storage was deter-_ 


‘mined. approximately by showing graphically relation between the inflow 
“into the Ohio River from its tributaries and the outflow as measured mer 


; mouth (Figs. and 8). The inflow from the discharge diagrams" of 
a tributaries having a total drainage area of 170 100 sq. miles, has been increased 1 a 
_ by d direct ratio to allow for an additional ‘drainage | area of 33 800 sq. miles. — ee 


The ec composite inflow graph of all the tributaries was, synchronized with 
respect. to the outflow graph by taking into consideration the time of 


actors 


- difference between the inflow ar and the outflow curve appears to be a 1 direct = * 
Cm measure of the effect of valley storage and the true effect at Cairo of reservoir 


Ja) ‘storage in the Ohio Basin can only be determined by taking i into consideration - 

ethods the > modifying influence 0 of f valley storage. - The 1913 flood in the Ohio Valley _ 
s characterized by a sharp» peak whereas that of 1922 was a long low flood. 

the e latter, valley ‘storage: was a much less important factor than in the 

ill The | cost and effect “of reservoirs ‘was analyzed also on the assumption of 

illway 


‘joint that is, a of Mississippi River flood control with local 
Bene control, the development of power, and improvement for navigation, or 


by a combination of three or more uses. _ * great many such combinations 
crested are possible and although the “several uses are or less conflicting, 
The “may be said generally that such joint use will ‘result i in some of 


| at this per acre-foot chargeable to flood control. 


20. to 80 _ A group of the most desirable reservoirs above Cairo, as determined by 
‘ance of the ratio of benefits to “costs, was then selected for further study. ‘This group 
culty of pre a capacity of about 3 8 000 000 acre-ft., the ‘average gross cost being be- — 


Cairo to tween $10 and $11 per acre- -ft., the net cost chargeable to Mississippi 

neerning River flood control between $7 and $8 per acre- -ft. To reduce flood heights 

here was at Cairo by this group would r require. gross expenditure for the 

utilized first foot of reduction of $104 000 ) 000, ,or a a net expenditure chargeable to ~ — 

Mississippi River of $40 000 000, assuming that the other interests benefited Seg 
_ could be induced to pay the difference. _ The second foot of reduction. would ay 


eduction. a cost $1601 000 000, of which it is estimated that $17 000 000 could equitably 


or 
sidered, be charged to other interests. s. The average effect of this group i in “reducing 
ost curve E gauge heights. at Cairo during past floods would have been 2.65 ft., and had . 
the entire group been built the | average net cost under the assumptions made 
10 75% of 7 


_ would be $115 000 000 per ft. of reduction on the Cairo gauge, or nearly 
at Cairo 000 000 per in. of reduction. ‘Expressing the reduction in terms of dis- 
he of charge, the cost. would average § $190 000 000 per 100 000 sec-ft. for a maximum 
the first eduction of 150000 
4 ft. by Suggested reservoir sites on the St. Francis, White, and Arkansas Basins 
60 000 000. were also considered. _ These reservoirs are generally located i in areas of heavy 

of storage rainfall, which are important contributors to floods in the Lower Mississippi, 
irs instead 
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effectively utilized during most. Mississippi River floods. These reservoirs 


have gross, capacity of 25 000 _acre- -ft. are "estimated to cost 
$215 000 000, or 48. 50 per acre- ft. This « cost may be reduced under a joint-use he | 
plan; furthermore, by reason their proximity to the delta they should be 


valuable than an equal amount of storage 1 000 miles ‘above Cairo. La 


Studies: were also made of suggested reservoirs in the St. Francis, Yazoo, 


and Tensas- ‘Basins. About thirty years late James A. Seddon, 
aT 


| 
Am. Soe. proposed a series of reservoirs in the St. Francis Basin 


Worst 
as a means of regulating Mississippi: floods. A similar plan, modified to 


conform to dev elopments that have ta 


was. considered but the cost of storage was be approximately $27 


per acre- ~ft. Estimates were also prepared of the cost. of reservoirs at oe : 

lower ends of the basins. ‘Such reservoirs would substitute controlled storage 


the uncontrolled storage. which nov exists at the lower ends of th hese 


- basins, and the cost, of such reservoirs must be balanced not against their 


reducing flood heights, but against the difference in value of con- 


reduction of. “flood heights in the Lower Mississippi River the 
diversion: of ‘part, of the waters: has been the ‘subject of discussion for 
on many years. In presenting the matter, tl the following terms will be used with ’ 


the meanings s stated: : An 1 outlet i is a natural channel serving to extract water a 


the river at all stages and conduct ‘it directly or through ¢ collateral a 


waterways to the Gulf. ‘A diversion channel is an artificial one serving to 
divert part of the main river flow to the river at a lower point or by inde- 


a 7 pendent collateral ch channels is tot the Gulf, the flow into it being wholly or partly 
; a under control. A spillway i isa structure designed to afford regulated atom. 


il 


of flood waters into a diversion channel. rind Soll 
Lived present, there is an outlet | at Old River 202 miles above New Orleans. 


_ Old River is a link connecting the ‘Mississippi with the Red- orl 


System. Te serves as a relief to Mississippi flood water except when higher 
flood | stages the Red- Atchafalaya System cause a several of flow. a 


limited extent, it is used for light draft navigation, suitable depths. being 


‘maintained by dredging. ‘nr Wine. to 1 ont ord bot 
Although | descrihed as an outlet: its size and the flow through it at low 


stages are controlled to some extent by several “mattress sills near Simmes- 
7 port, La. This route to the Gulf is 150 miles shorter. than that by way of - 


> main river. Te It is now w leveed i in the upper 40 rhiles and its capacity 


4 flood stage is about 400000 sec-ft. “Tt has been. suggested that the levees on 


one or both banks be set back so as to create a floodway with a capacity of 
900 000 to 1000 000 see- -ft. To secure such a flow without excavation would 7 


stave 


meee a width between Teves of 6 to. 8 miles and entail the acquisition « of 
what is. known the “sugar bow!’ of 
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Whether such a floodway be | controlled by 


in the r main river all or part of the flow below a bank- full stage is ar important . 
_ question, Such a spillway would interrupt navigation between the Mississippi ; 


and the diversion channel unless a lock were also’ provided. On the other 


hand unless controlled, so large a. diversion may cause silting in the main 
to such an extent as ‘to ‘interfere with navigation at low 
to diminish its flood- -carrying capacity at high stages. 
a2. 


A diversion channel through the Tensas Basin w with capacity ranging from 


600 000 to 000 sec- -ft. was also considered. Such a channel would leave 


- the main river at or near the mouth of the Arkansas and extend ‘to the upper — 


end of the proposed floodway through the Atchafalaya Basin. Stud y was 
; also made of a diversion channel through the St. Francis Basin, stills capacity 


ranging from 300 000 to 500 000 « sec- -ft. Unless such a channel were extended - 
to the White River and thus connected with the Tensas Basin ico 


would not permanently divert water from the main channel. 


addition to ) these three major diversion plans, consideration. was given 


to the construction of several short diversions with capacity of 250 000 to 


300 000 s sec- -ft. above a and below for ‘the protection 
= 
"Diversion of part of the flood flow, the St. Francis Basin. wil 


‘main river. 
more from the standpoint of first cost. if cheaper the 


: plan. which would confine the entire e flow | between | levees, the. creation of such | 


secondary ct channels for the discharge of part of the flood flow ean be justified | 
only” if the “opponents of diversion channels are mistaken i in their belief that 


te Opponents of outlets use as an ‘illustration the changes in the relation of 


“stage to Saenne at Red River Landing, a short distance below the Atch: afa- 


laya Outlet. _ The records of the Mississippi River Commission’ for the 


flood of 1882 : "measured discharge of ‘slightly ‘more than 1 1 500 000, sec- oft. 


a stage of 48. 5 ft. In 1912, practically the same discharge w was ‘measured 


ata stage of 53.2 ft. and, in 1927, at a stage of BT. 5 ft. The i increase in ‘flood 
. height of | 9 ‘ft. between 1882 and 1927 without i increase in volume of | 


(The difference between 1882 and 1912 may entirely 


for by the difference i in slope i in the two cases caused by crevasse effect below. a 
wery 


Evidence obtained from a study of crevasses the view that an 
outlet or secondary channel that diverts water at all ‘stages i is detrimental to 


the main stream and that the larger it is in proportion to the main stream, 
OW. 


greater will be the deteriorating effect. upon the main channel. Such | 
bead tends to cause a raising of the bed below the outlet, thereby reducing 
the depth available for navigation at low w stages and reducing the flood- 


carrying capacity of the ‘stream at high stages. 
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Opponents of ‘controlled diversions, even i 


Ly point 
will lowered at that p and of the 
above the point of diversion nd | reduced below tk that point; that the increased 2 


velocity above will increase the silt- carrying ¢ capacity of the river and that 
it will ‘approach the spillway with a greater load of silt than it would have 
had under natural. conditions; that the reduced slope and reduced velocity 


elow the spillway will result in sedimentation and reduction in the 

3 


section of the river; that this will continue until the river i is again able to 


carr ry ‘off its portion of the sedimentary matter; that the necessary “increase 
in velocity ean only be obtained by increased sae ‘and that increased head 


Th This belief that ‘the so charged with that 


rolled that the flow it ¢ can reduced as goon as mn as the 

passes, changes" in ‘slope and velocity can kept within such narrow 

limits that deposits should not occur. Even if some sedimentation does take 
place, it should be completely, removed later r by the river itself, if the spillway — ~~ 
is closed as soon as the > discharge of the river ver falls within the capacity of the 


tchafa- 
for the 
sec- ft. ‘would ea carry 


easu 
in n flood 


scharge_ 


d d River Some of the proposed ‘apparently, justify themselves 


an economic standpoint i in that | they will cost less 1 than corresponding i increase 
rel ow.) in levee heights; others will cost : more, , but may be justified by 3 ‘reason of f the 
greater safety that they will afford the inhabitants. 

__ Such secondary channels are not substitutes for levees on va main river. 


with all the proposed diversion channels built, the existing levees. will 


jental to 


stream, 
Such a hems to be maintained and even increased in height in order to provide pro-| 


against the assumed flood of 2 250 000 sec- -ft., Cairo. 
| hatever n may be assumed as the probable maximum n flood of ‘the future, 


that an 


reducing 


rovide fo for st ich a 
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contingency, it has been proposed to construc ae 


= 7 


crown of the a series of spillways that would 
into. play only when overtopping was imminent. Such. structures would. provide 
the means of substituting a minor disaster for major permit 


prompt recovery the effects of such a super- flood. 
ih the writer’s opinion, the most. dependable, as well as the cheapest, 
method protecting the delta basin of the Mississippi River against a 
probable future flood lies in a system of main river t levees, supplemented by a 


series of controlled diversion channels through which ‘excess flood waters can 


Bet. As an integral part of such a flood- control plan, the ‘main river should be ; 


j 


stabilized by revetting the caving banks. While such stabilization is regarded 
as essential ‘part of the flood- control project, it will greatly 
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F ORE ST. cov ER. AS A F ACE IN ‘FLOOD CON ‘TROL 


an made before the ] Flood Control ‘Conference 
Chicago, ‘Ti, early in June, 1927 , United States Forester W. B. Greeley ‘took i 


+ the position ‘that while the main reliance for handling: large flood discharges a 


‘must be placed ‘upon, engineering structures, forests have a “definite part in 
4 flood control, together with other forms of land use which check erosion and — 
favorably influence natural storage conditions. ‘This attitude i is the rational 7 
‘one, and engineers, facing the problem of flood control in the Mississippi oan 
Ww ill doubtless feel that. any agency which will assist in lowering the flood 7 
—erests and i in retaining the flood water within predetermined bounds 


relation of forest to’ stream flow isa subject which | 

“extensive discussion. Sever ral good bibliographies. have been collected. One 

i ‘incorporated i in the F inal Report of the National Waterways Commission,t 

and a ‘more’ recent one is contained i ina report by the California State Board hs 

of Forestry. a attempt has been made to ‘repeat references: in either of 
these publications. The Forestry Committee ‘Relation of Forests 

Waters. submitted the ‘following statement ‘to the Fifth National Con-| 


“servation Congress vidnioval stem eiatal: wo tedt sitio foo fitter! 


Jy ab mountains, ‘the forests break the violence of rain, retard the melt-— 

vy Sai of snow, increase the absorptive capacity of the soil cover, prevent erosion, | 


: and check surface run-off in general, thus increasing the underground seepage 
and so tend to maintain a steady flow of water in streams” 
Zont has summarized the effect of forests on stream flow, as 
“Among ‘the factors, such as climate and character of the ‘soil, which affect 
; G the storage capacity of a water-shed, and therefore the regularity of stream 
flow, the forest plays an important part, especially on impermeable soils. The 
iz ‘mean. low stages as well as the moderately high stages in the rivers ined 
upon the extent of forest cover on the water-sheds. The forest tends | to 
equalize the flow throughout the year | by making the low stages higher and the — 
x 
«Bloods: which are e produced exceptional 


a be prevented by forests, but without their mitigating influence the 
are more severe and destructive.” 


A study has ‘been conducted ‘wn the Ss. Forest Service the sum- 


mer of 1927 to determine the relation of the forests to floods in the Mississippi. 


* Director, Central States” ‘Forest Experimental ‘Station, Forest Service, U. S. Dept. of 

Forest and Water in the Light of Scientific. Investigation, Raphael Zon, 


Final Rept., National Waterways Comm., Appendix V. Br | 
Sta ¢“Erosion and Flood Problems in California,” by E. N. Munns (Rept. by Californi 


a 
tate Board of Forestry to the Legislature (1921) on Senate Concurrent Resolution No. 27). = 
_ §“The Relation of Forests and Water,” ‘by Raphael Zon and others, Sub- Committee on 
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512 FOREST COVER AND FLOOD CONTROL 
The collection of information relative to the Ohio drainage came under the | 


supervision of the Central States Forest Experiment Station, so that. direct 
_reference will be made to this tributary. 


‘The Ohio Basin, which contains approximately 2 203 230 sa. miles, once 


all forested, now has. an estimated forest ‘cover of 68 220 sq. 


miles. About 83 120 sq, ‘miles of this land is woodland incorporated i ‘in the 
farms, of which about one-third is pastured. These statements | have been 


carefully because exact information | in regard to the: actual forest 


only 


Census of for 1925, even. ‘this. report does ‘not, adequately 
classify land lying outside the farms_ that an accurate judgment can be 
made as to the amounts of forested and non- forested wild land. The fore-_ 
one statement of woodland | acreage is based on the Census report: modified 

by the writer’s judgment of the forested acreage of wild land. course, 
all available information which could be procured from. State : and individual 4 


sources has been. ‘used. From this summary the Ohio Valley may be con- 


The trend, in the ‘mountainous and hilly sections, is to 


clearing. 
2% tion, "The causes are chiefly three 1) The inability of on 


; land to ) compete with that on farms more fa favorably situated as to soil, topo- 
. graphy, and market; (2) the severe erosion and destruction of the steeper 


fields; and (3) industrial development and improvement of road 


tions which i is draining the forested area of its labor element. 
ie 


i: The forest of the Ohio Valley i is largely ‘made up of broad- leafed species. 
Thee exceptions to this are a comparatively limited acreage of spruce and fir 
£¢ _ forest i in the higher plateau of West Virginia and the Southern Appalachian 


oe Mountains, and the mixture of scattered pine and hemlock found in some 
places with the broad-leafed species | The more exposed ridges also may sup- 
«Bort, small patches of pure yellow pine. _ From this statement it-is obvious that 


eo this: entire forested area each year receives a carpet of | leaf litter, chiefly 


from are left largely defoliated during the winter season. 
.. The forest of the Ohio Valley is now very wtianhinieateattip stocked. Even 
aa in its virgin condition there were large spaces in the forest crown cover. Cute 
= ting, x, fire, and grazing have made further serious inroads on the virgin stand. 


2 


and other, shrubs. “Signific 


~ 
iio? 


2 cerned, is the thinness of the stand which now occupies the forested land of 


quate 
‘tion from for a a considerable period “years is is ‘there a. dense. stand of 
with a well- covered forest floor. In the past the rougher mountain | 


plateau have been frequently burned over, In 1927, 211 424 acres 
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94 acres 


of land were reported burned in Ohio, Indiana, Kentucky, Tennessee, 


‘States. “The foresters of the Ohio Valley States recognine 
for better protection from fire and improved _management « of timber lands, 
both» for increasing the | protective value. to their _water- sheds and for. the 


_ The relation of the forest to run-off is most closely established through | 
ite influence on erosion, ‘since it is through the washing away of the finer soil 
particles that channels are established for the flow of water. The first place 
| % seek control of a flood is at its source where ev every sal impediment is 
most effective i in delaying the union o of ‘raindrops into rivulets and these, 
in turn, into streams strong enough to sweep clear a direct channel. | The a 


_ best ‘that can be done at the si source is to secure the most effective pureolation &. 


1 water from: the ‘surface to the water- table. 


LW a 


7 ne The. fact is well established that the forest , through its littered floor and 7 
_ porous: ‘soil, does cause impediment to the flow of. water on the round 
—_— and does i increase the water ‘storage, thereby maintai: 7% 
Dario in dry seasons. A large volume of evidence has been accumulated i in _ 
support of this contention. _ Several striking examples are cited. in me 
ae In 1922, Charles G. Adsit, M. Am. Soc. C. E., Vice-President and tiene 7 ; 
Engineer of the Georgia Railway and Power Company, stated: gm 


a “At our Sees Falls Plant on the Chattalioochee 1 River, which is below 

lange cultivated areas, the reservior in 1904 covered 750 acres. After ten 

years’ service, there was no reservoir capacity worth mentioning left, it hav- 

ing all silted ‘shut, leaving only a channel through the center of the reservoir 

- for the river flow. On the other hand, our Mathis Reservoir, above which is 
fe only forested | area, after ten years’ service, shows little or no sign of silt what- = 


ae The following statement is made in ‘a recent letter by Edgar P. Keble, 


General Manager, The “York Water ‘Company, York, Pa.: 


a “Our observations of the effect of forest planting o on our water supply 
in dry times has been that it has increased the dry weather run-off very 


Bw “We have a a 700- acre tract with 680.000 ‘evergreen “trees. and 


- although we have no gauge at present, nor did we have prior to the building 7 

» “The quality of the water in the stream has also materially improved — 
as there is very little erosion from the sg and, as an example, when there 
was a great downpour of rain 


ee 
tion against erosion of soil. Through the action of the litter in preventing 
the packing of soil by rains, } the forest soil remains in a loosened condition — ~s 
_ throughout the season. The soil is loosened by the action: of frost, as well 
rodents, and animal life, 
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convince any one of the value of this ‘cover in retarding, run- off. 
action of ‘the’ ‘litter in delayir ing run- is in the first few 


loss of soii through erosion is “not generally understood, and 
an excerpt from Research Bulletin 63 of the ‘Missouri Agricultural _Experi- 


ment Station* is. inserted to bring out - this ‘point. pt Experiments were con- 
ducted for a per riod of six years gad! car efully controlled plots with an ‘average 
marizing the results, the writers state: 


as “rapidly” as the in ‘these experiments 

the surface 7-in. layer would be removed at the following rates: unculti- 

vated land in 29 years; plowed 4 in. deep in 24 years; plowed 8 in. deep i in 28 

years; planted to corn annually, in 56 years; wheat, annually, i in 150 years; 
rotation, corn, wheat, and clover in 437 years; bluegrass sod in 3 547 years. 
i: he chemical analyses showed that the amounts of nitrogen, phosphorus, 

— ealcium, and sulphur in the eroded material from corn 0 or wheat land may 

equal or exceed the amounts taken off in the crops. | There were only small 


amounts of nitrogen, as nitrates, lost in the run-off water.” wy 
7 T his 3 Missouri experiment brings out the great difference i in loss of soil from 


"bare o or - cultivated land and that a by bluegr: ass ‘sod. - While it does 
not afford evidence of the protective | value of the forest, it does indicate the 
loss which might be expected, even 01 on minenninne land, »ifas sod cover 


» 


= 
should fail and leave the. land | bare.» so allel 


The most striking example o of complete removal of soil in a forest region is. 
- afforded by the area damaged by smelter fumes near Ducktown, | Tenn. Here, 


each few feet. of surface has developed its water channels and tremendous — 
quantities of the surface soil have been washed into the tributaries of the 


Hiwassee ‘River. T The significant thing in con connection with the Ducktown 


¥ 
area is that the ‘soil accumulated during ages, under the protection of a forest 


eover, was eroded i in a few years the from smelter 


The er annu: 
been estimated at about 2 sane ‘This will 
ing to the species and the density of the stand: The rapidity of disintegration 
also ‘varies; as’ influenced by wind and weathering. is For use in this paper, 
determinations were made o on plantations averaging about 17 years of 
located at the Ohio Agricultural ‘Experiment Station, at W ooster, Ohio. 
oF work was done in the week ending October 8, 1927, before the leaf crop had 
fallen. The litter on ‘sample areas weighed and its ‘moisture content 
4 termined. The dry weight of litter per acre on these plantations varied from om 
827 Ib... to 17 Ib. and i is able to absorb. 13 to 24 times its dry weight in 
It is that the litter. underneath, the | soft woods, p 
and fir, exceeds that of the. hardwoods at ‘this time of year. 


The relative influence of forested. and non- areas on and 
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FOREST AND FL oop ‘CONTROL 

Service in co- operation. with the U. S. WwW eather Bureau at the Wagon Wheel 

Gap Station, in Colorado. ‘Here water- sheds as nearly similar as could 

hk be found were subje ected to ‘measurements for a period of years. One of them _ a 


Ww as deforested and the measurements Ww ere then continued for a further period — 
of years. preliminary report of, this work has been made,* the final 
Teport is now in preparation. _ Experience gained in the Wagon Wheel Gap 


experiment shows the extreme difficulty of securing adequate values through | 
the studyi ing of paired water- sheds. 


less extensive study of run-off has been m: FE. Ramser,+ M. Am. 
C. E. While attempting to determine the drainage requirements 


~ yoad purposes, he found the forest an important factor in controlling | the ate 


isd 


; of run-off. ‘He s says of his results, ‘ : ‘these values show quite conclusively that 7 


timber I a decided influence in reducing the rate of run- -off from a w: vater-— 


shed”. Hi i r ote he max. i. 
fis. work i is fur ther quot in t Appendix. 


recent paper by Mr. H. Burger, + reports a ‘ study in Switzer] land, where 


comparison was made of forested and forested water- sheds. He found 


vat the crest of the flood was not only delayed the forest cover, but that 
t 


the total run- -off per square kilometer was also. reduced. . In both these ins stances _ : 


neither water shed, was completely ¢ covered by forest, a sufficient. difference 


The most. conclusive study made thus that on two water-sheds in the 


hite Mountains.§ In comparing two water-sheds, one largely forested and 
one deforested and c open, the following conclusions have been drawn: At the 


4 end of each period of observation there was more snow on the forested than 
on the deforested basin; the loss_ of water from snow storage was heavier o1 on 
de forested basin; thes rate. of run- -off fromsthe forested basin was less 


two-thirds that the deforested. basin ; ; the maximum flood flow from 
- forested basin never exceeded 1% of that on the deforested basin; and, lastly, — 

considering the precipitation over the e entire period, the forested basin added a i 


to the ground- -water Storage, whereas the deforested basin drew it 


Mr. I. Bode,|| in n describing the r results of his work in Towa, claims an 


of water storage in forested lands as compared with the prairie 


# ip considering, the effect of forest cover on the catchment of precipitation, 


the influence | of the trees themselves in intercepting both rainfall and ‘snow 


fall must be considered. This influence is particularly important in light | 
Mist 

“tains when @ a large proportion ‘of the precipitation may be intercepted by the 

tre s and re- re-evaporated i into the air without having reached the forest 


f 


+ “Run- Off from ‘Small Agricultural Areas,’ Journal of Agricultural Research, Vol. 34, 
Swiss Forestry Journal, March, 1927. 


 _ §“A Preliminary Statement of the White Mountains of New Hampshire,” se 


«|| “The Relation of the Smaller Forest Areas in Non-Forested Regions to Evaporation 
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Robert E. Horton, M. Soe. C. E,, has discussed and 


‘also investigated the loss_ of. water by transpiration from trees.t He indi- 


cates that from 0.02 to 0. 07 in. of rainfall per shower may be intercepted, and mor 


feats the total ee. TS, the summer season may be a as high as 40% | of the total -witl 


Mr, Hs. Graves} has reported losa through interception in as 
varying | from 20 to 60% of precipitation. hile ‘no very ‘exact information 


exists, and the interception is admittedly | less. in -Tegions of heavy, rains, the 
loss through interception of the crowns of trees must be considered, , together [i whe 


with transpiration and storage, as a factor in flood control. 


dee 


this fact, the evidence thus far is of and in 


The rapidly increasing number of for power purposes 
and the increasing value of forest- covered water-sheds sources of potable 

= water for neighboring | cities, are. additional 1 reasons for the maintenance of | 
good forest conditions on the upper reaches. of mountain ‘streams, Not only 
should the abandoned fi fields of the Appalachian Mountains and Cumberland 


Sy Plateau tributary to the Ohio | drainage be forested, but. many areas of cleared 
in the hill sections of Mllinois, and Ohio, can be restored to 


In summarizing the influence of the forest on 1 flood control, the 
service which it accomplishes is. the protection of the rougher land from 
erosion. This, in tum, has a direct influence through the. coutwal of silting on 
practically all the engineering work undertaken. AY 5 
4 


‘The, is a natural — for because it delays: run-off, inter- 


‘Reb 


il 


Mr. ~W. C. Lowdermilkg has recently prepared a preliminary report on the 
problem, of forest conservation in ‘Shansi, China. ~The following abstract i 


uy . “The Taiyuan plain was suffering from a long drought when we reached 
a Taiyuanfu. The crops were dying for want of rain, even the wild grass had 
not started (July 3). pee: a famine wee feared. 

_ _ “The rain clouds broke shortly after our arrival. The moisture which had_ 
ae been accumulating in the atmosphere, superheated by the roasting hills, came 
down in torrential volumes. The streams were suddenly overcharged with 
Raging waters, heavily laden with mud and silt. The water supply so sorely 


needed for agricultural crops quickly ran off the steep barren slopes and 


China’ has adie’ been keld up as a terrible example of forest destruction. ; 


“Rainfall Interception,” Monthly Weather Review, Vol. 47, No. 9,°pp. 603- 623. 
ae, “Transpiration by Forest Trees,” Monthly Weather Review, Vol. 51, No. 11, ‘pp. ‘571-581. 
Monthly Weather Review, Vol. 42, December, 1914, 671 noliniel “gi 
“The Problem of Forest. Conservation. in Shansi, China.” 
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FOREST COVER AND FLOOD CONTROL 2517 
‘eaiieaial floods and destruction in the place of the desired benefits of — 


after | ‘drought. _ Despite the efforts made to catch the flood waters for irriga- 
tion, most of them soon passed by and were gone. Dry weather in the fall 
_ months again made the conditions of the people serious and threatened them — 
with famine. Being deprived of their soil and forest cover, the mountains no 
a § longer serve as a storehouse of water to be made av ailable, when most sorely 
“needed, tothe fieldsin the plains. = 


party was able to study these forces at work to follow: the, 

tion of the denudation | of mountain slopes. Far back at the foot of the 

the famous I Lu Yah Shan near the Great Wall was found a small remnant of 

sther _ what was once a great forest cover. _ Now only a few score of square li of the ~ 

| original forest are left. Yet here may be found the beneficent influences of a 

_.  & forest cover. From out this natural forest area, consisting of trees and a 

‘Vial deep porous soil of decaying vegetable matter, flows now a beautiful pereunial: 

te of | stream. It was scarcely affected by the heavy rains of the summer an 
indi- whereas the stream beds draining the barren slopes became raging torrents _ = 


after an hour of rainfall. But now this last remnant of true and ot 
forest is being attacked, for not less than 500 wood cutters began in the | 


table summer of 1924 to clear the tract. 
stable “The. cutting of trees is not the cause of forest ‘destruction in the moun- — 


ce of 
only, 


of Shansi; it is, on the contrary, the digging up of the soil on the moun-— 

tain slopes for agricultural crops - that begins the process of destroying the | 

‘The following i is an abstract from the paper od Mr. H , 


Burger* ‘prev iously 
ers. In two small water-sheds in the Canton of Switzerland, “‘measure- 
nding “ments have been taken which indicate very definitely the effect of the forest 
“from cover on run-off. These two water-sheds are similar in altitude, exposure, 
Si a slope, and character of soil. They are 3 km. distant from each other. One 

5 


(the Sperbelgraben) is entirely wooded, the other (the Rappengraben) is 
_ only 85% wooded. The entirely wooded basin has an area of 56 hectares, the 
On June 22, 1926, at 5: 00 P Pp. M., a violent storm took place, during the 
- course of which 28 mm. of rain fell ‘on the wooded basin and 29 mm. on the 
other. _ The maximum flow from the partly forested basin was 1079 liters 
per sec. for each 100 hectares and the crest occurred 4 hour after the begin- 
ning of the rain. The maximum flow from the completely forested basin wa 


, wena “only 240 liters per ‘see. and the crest occurred about 5 hours after the a 


"The total - Tun- -off | per square kilometer during the period from the begin- 
ning of the storm until June 23 at 6:00 a. M., was 7696 cu. m. on the partly © 
forested basin and only 4720 cu. m. on the ‘completely forested basin. By 
subtracting amount of observed just before the storm in 
Rs each case, the run-off due entirely to the storm is obtained. — This is 6184 


uction. 
on the 


yact iS 
ii 


— eu. ™. for the partly forested basin and 2970 cu. m. for the completely 
forested basin. On the partly forested basin, 21% of the storm-water ran off; 
the completely forested area only 10 per cent. 

ich had § The purpose of the experiments made by C. E. Ramser, M. Am. Soe. C. — 
s, came was to determine the rates of run-off from small agricultural areas. They _ 
od with consisted in making rainfall and run- -measurements on six water- -sheds 
» sorely aie in area from 1} acres to 112 acres. The following quotation from — 


Mr. Ramser’s reportt+ indicates the of timber upon rate of run-off: 
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COVER AND FLOOD CONTROL [Papers 


ee effect of timber upon the rate of run-off is shown. by « a comparison 
of the results obtained for Water-Sheds Nos.. 1 and 4, where the timbered 

areas were 14 and 38.9% of the respective water-sheds. In Table 8 it is seen 
that the run-off coefficients. for Water- Shed No. 1, for all rains except that of 

July 18, range from. 0.33 10 0.49, and for Water-Shed No. 4, from 0.22 to 0.35. . 
These values show quite conclusively that timber has a decided. influence in 
reducing the rate of run- -off from a water-shed. However, the results obtained 
for the rain of July 18—for which run-off coefficients of 0.51 and 0.46. for — 
Water- Sheds Nos. 1 and 4, respectively, were obtained—tend to show that me 


effect. of timber in reducing run-off is slight when the maximum rate of ru 
TABLE. or Timper on Run-Orr Corrricients ror WaATER- SHEDs| 
ne Nos. 1 anp 4; Water-Suep No. 1, 14.0 PER CENT. IN TIMBER ; tern 


Wa ATER- SHED No. 4, 88. 9 Per CENT. IN TIMBER. foe 


AVERAGE RATE oF oF OFF RAINFALL PRIOR 


Durinc Time | (Ratio or Maxuwum Rate | PERIOD TAKEN As TIME 
_ OF CONCENTRATION, IN ma oF Run-OFF OF AVERAGE | OF CONCENTRATION, © 


j 


pare Water- shed Water-shed Water- and Water- shed Water. shed | Water-sh 


38.51 


off occurs after considerable rain already has fallen. This is to be explained © 
by the fact that interception and percolation on timbered areas are much 
greater at the beginning of a rain than later, so that an increasingly greater i 
_ _ proportion of the rainfall runs off as the rain continues. The falling rain is 
ve intercepted by the trees, and the cover of leaves on the ground, until saturated, © . 
: ; a bsorbs a large portion of the rainfall. On April 28 the average rates of rain- 
7 fall were greater than on July 18, yet the rates and coefficients of run-off — 
were smaller, being 0.41 and 0.25 as compared with 0.51 and 0.46 for he 
rains of April 28 and July 18, respectively. However, the rain that fell prior 
to the time of concentration on April 28 was 0.09 in. for both water- os : 
while on July 18, it was 76 in. for Water- ‘Shed No. “rd 1 and in. for 
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7 For many years there has been an insistent demand for reservoirs to regu-— ae 
“late ‘stream flow throughout the United States in the interest of flood protec- — 
on, navigation, irrigation, drainage, power development, » and various other 
works ‘connected with ‘water resources. In fact, the idea that reservoirs will 
cure most of ‘the evils from which ‘the country is suffering has been widely 
‘ epted as more or less axiomatic in spite of the fact that such projects = 
have been studied in detail have presented ‘so many difficulties that few of 
them have been found economically feasible. For five years, as Chief — a 
- of the Federal Water Power Commission, the: writer spent most of his time 7 
‘studying reservoir possibilities throughout the country to determine whether 
= ‘power developments would conform: to a general plan insuring 
- maximum economic use of the water resources ‘for all purposes, ‘including i irri- 7 
gation, flood protection, navigation, ete. Asa result of this « experience the 
writer, while not accepting reservoirs: as cure- -alls, believed that they might 


form a valuable part of a complete 1 Mississippi : flood project. 


but has n never found a 
- poosibility of obtaining results that would Justify a recommendation for divert- 
: 
ing any - of its limited funds for this pr purpose. . Many think that the reservoir — 
| G plan for Mississippi flood relief has not received the consideration its merits. _ 
Be that t as it may, General _Jadwin, the present Chief of Engineers, has . 
- determined to have the subject studied as thoroughly as all other phases of the _ 
ain is - flood problem and if there are any reservoirs that can profitably be developed _ o 
for Mississippi flood protection, they will undoubtedly be 
or the a" should be noted that the he policy of giving Federal : 
| prior “tion isa quite recent development. Federal jurisdiction over streams is | ‘con 


ferred by the Commerce Clause of the Constitution. Twenty- five years 


ty So far as as s the Mississippi Valley is is concerned, i, the ‘Mississippi River 


such jurisdiction and responsibility strictly limited to improvements for 
navigation. _ There has been no change in the Constitution in this respect, eo 4 
but gradually popular demand has caused. Congress. to extend ‘Federal assist- 
ance: for flood protection | on the pr principal navigable | streams to 4 point where — 
- its relation to navigation improvements is almost lost ‘to sight. Perhaps: if 


: Congress, had not so acted the public demand would have been strong enou gh - 
great Mississippi flood of. has ‘renewed ‘te for further 
‘Federal activity, and in ‘recognition of ‘this: demand and of the policies de- 
veloped by Congress, the Administration has directed studies. to be made o of 
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“RESERVOIRS AND FLOOD PROTECTION apers. 


on the Board was that its report should be marcy in time to be considered 


with the reports of boards studying ‘other phases of the flood problem, sc so that 
“any reservoirs found to be e feasible, could be included in a complete “report — 
on Mississippi ‘Valley flood protection to be submitted to Congress in Decem- - 
‘The Reservoir Board immediately laid out a program of studies along the 


following lines: 


determine the effect on Mississippi floods of the larger reservoir 
sy stems already | built i in the Mississippi Drainage Basin as a | practicable ee, 


per 9. —To determine reservoir capacities, costs, and ‘leat on Mississippi floods J 


a all. practicable reservoirs on the tributaries of the Mississippi, both when 
operated primarily i in the interest of Mississippi floods a: and when operated to 
eet bi: maximum economic results, considering all uses of the reservoirs. 


: —To determine r reservoir possibilities i in the valley of the en aa. 


‘The task set the Board is a tremendous one to ‘complete i in the time avail- i) 


fe thanks to the - excellent organization placed at its disposition | and 3 


— 


to the data available - from previous studies, it is believed that the results . 
- obtained will be sufficiently complete and reliable to determine what | can be 
done with reservoirs to ameliorate floods in the ‘Mississippi, and what such — 
amelioration will cost. nfortunately, the final results of the Board’s studies 
A ‘are not as yet available, so that this paper is no. more than the writer’ Ss | digest 
of the now at hand. of the figures 1 will doubtless be modified when 


hey 2 me In order to determine the effect of reservoirs on Mississippi flood flows, 
*? is necessary to establish h some r rule for reservoir operation. — Pr actically all 
ws large » Mississippi floods have occurred during the 90 days from February 15 to ‘4 
“May 15. While there have been a few fair-sized floods both before and after- 7 


ward, it is believed that this period fairly covers | the t time e within dis- 


we 


a Lod consumed by water from reservoirs on in 


2 weeks. Large Mississippi ‘floods are produced by heav3 ry 
rainfall: occurring throughout when the river is. 


reservoirs: by filling them as as ‘the 
will permit sO as to hold water back from the Mississippi ‘during the 90 awd 


ineer Officers was app 
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RESERVOIRS AND FLOOD PROTECTION: 
of to May 15. In its. studies the Board 
_adopted such a procedure as the rule for reservoir operation. —‘Itis possible that =. 


E for some of the reservoirs a more efficient rule of regulating might be found as 


a result of experience in their operation, but it is not likely that the increased 
- efficiency would more than offset the probable error due to determining the 


- dependable effect from only five floods, as the Board has been forced to do. 
A brief er of the studies on existing reservoir systems will be given. 


reservoirs | are ‘designed to protect the cities on Miami River from 
‘disastrous local floods. Their action, which is automatic, is effective only 


during floods of considerable It. consists of storing all ‘the flood 
flow in excess: of the capacity of ‘the valley below the reservoirs. As soon as 


the natural flow has 1 fallen below the danger point, this stored water: dis- 
ch harged at a rapid rate. The effect on moderate local floods is a minor one 


an nd small floods are entirely unaffected. _ The costs and capacities of the r reser-_ 


rs are as given in Table 16. i. 


-16.—Costs AND Capactties | or Miami _ ConsERVANG 


Huffman..... 8630000 
Englewood.... 40500002 
Germantown 106 1 620 000 


a3/ These v works appear to have been very ‘successful in n affording the designed © 
protection to the Miami ‘Valley. Their effect on the Ohio and Mississippi 
floods i is to o decrease the flood flow for 1 day, or 2 days, and then increase it by a 

somewhat smaller amount for several days. Whether the net to 


~ inerease or decrease the ma maximum flow of the larger river is s largely a matter 


This effect was for the years of the last five g great “Mississippi 


floods. Table 17 shows the results on the Ohio River. Pi. = 


TABLE 17. —EFFEcT or Miami Reservorrs ON 


ee 


nd Date. 4 e 


| March80 | 558000 March 30 5 000,decrease 
April 2 520 000 April 2 | Noeffect 
March 19 540 000 March _Noeffect 
000 22 2 000, increase 
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RESERVOIRS AND FLOOD PROTECTION 
appears ‘Table 17, ‘therefore, that these reservoirs have no 
able « effect in reducing the magnitude of maximum f floods of the 
and that, in some instances, the effect may be adverse. 
i, The effect on the floods of the Mississippi is dependent on on the time ae, 
for the effects at the mouth of the Miami to be felt at Cairo, Til. . This has 
been taken to be nine days. If the effect of “valley storage” in the Ohio 


‘between the Miami and Cairo be s neglected, the results are as given in Table 18. 


18.—EFFECT OF Miami RESERVOIRS ON Mississiprr ‘River F Loops. M 


“April 5 April | 1 000, decrease 
April |48 000, increase 


1 677 000 April 
1.903 |: February 5 | No effect. 
April ~ 25 April 25 | 2000, increase 
March © % j March 1 000, increase 


may be either ae 
or reverse. The effect the “valley storage” n variations of flow at the 


- mouth of the Miami of only a few days’ duration is such that the actual 


8B these Miami reservoirs, instead of k being used as detention basins for the 

. _ protection of that valley, had been ‘used as reservoirs for the protection of 
the Mississippi under the operating schedule adopted by the Reservoir Board 
their effect would have been to reduce the crest at Cairo by quantities varying 


between 1000 and 7 000 see- for different ‘flood-years. The 


“results: at Cairo would be similar to those in Table 18, but of less ce 


a effect would not exceed 0.2 in. on the Cairo gauge. If the reservoirs were used 
: in this | ‘manner a new method | of ‘protection for the Miami Valley would have 
obably would be in e excess of $30 000 000. 


Sissippi floods. operation were modified in the interests of flood protection 
the pond might be drawn down 6 ‘ft. below the normal stage by February | 
ma and the resulting | 142 800 acre- -ft. filled -uniformly over the probable 90- day 
ree ~ flood period. “This would give a reduction of 7 90 sec- -ft. on Mississippi ut, 
would lower the ‘flood height Cairo by less than } in. It w 


entail a a power r loss of 16 000 000 kw- hr., the value of which, if replaced . 


level of e pool cannot be 1 more 3 ft. excessive 
flowage damages. It be raised 8 ft.. , giving ft. 
. storage, at at an estimated 
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storage vould reduce ‘the flood flow about: 560 sec- ft. . and ‘the crest height 
at Cairo about 0.1 in. . The cost would be m more than ten times a: as much as” 


the | nd of levees to take care of the same flow at the ihe top of the flood. weaii.t, 


The U Ss. Reclamaticn Service has built a number of large” 
"reservoirs in ‘the Mississippi Drainage Basin. To effect they 


have had on Mississippi floods, data are available for eight of these reservoirs 


Ruservors IN Mississippi Basin. 


«Winter 
Belle Fourche 
Creek 


At the time when the water that eiie' to co ontribute to the crest of the 1927 


flood was s passing these sites the Shoshone | Reservoir was discharging 550 sec- “a eo 


‘more than normally. _ The Pathfinder and Belle Fourche ‘Dams \ were e storing 
at moderate rates, about 600 and 250 sec-ft., 1 respectively. : At the other sites, 
stream flow and storage were | both very low. It ‘should be m noted that the 
- time in question comes in March, before the frst spring thaws oceur in this” ne 
mountainous northern country. . The “aggregate storage r rate for 


is estimated at 325 sec-ft. 
In 1922 ‘the flood had ‘bwo practically. equal crests at Cairo; ‘one late in ; 
March and one late in April. . From the earlier one. ‘the irrigation reservoirs. 
held back about 900 sec-ft., while from the later more than 


The quantity held back in the 1927 flood ‘was to about: te in. 
tection 


wary 5, 


90- day ne volume could not 
floods, 


would 


The ‘Shoshone. Reservoir was being used for the 
joint purpose of irrigation and power development. Had it been ‘operated 


primarily for Mississippi flood « con ntrol, it ould probably have stored about 

ditional the ‘the: State of ‘Minnesota, on the head-waters of ‘the Mississippi 


Such reserv voirs are ‘maintained by the United States. They a pri- 
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LOOL 

marily for the | purpose of increasing the navigable | depths in Mis- 
Sissippi above Lake ‘Pepin during periods of low water They. also serve to 
_ increase the amount of water power ‘developed during these periods and to 
diminish the damage caused by local floods. These’ purposes are accomplished 
a? ina fairly satisfactory manner ; but ever since the reservoirs were finished the 
War Department has been receiving frequent: demands to operate them in 
‘some other way to benefit other interests. 


ae _ The cost of these re reservoirs was very small as they were formed | by the 
“construction ‘of low dams at the outlets of natural lakes at a time when price 
Jevels were down and land and flowage rights were cheap, as ‘the country was 


largely undeveloped. _ The District Engineer at St. Paul reports the capacities 
and costs as in Table 20. 


Oty y. in ost per 

Name. acre-feet. Cost. _acre- foot. 


Lake Winnibigoshish.. 
Leech Lake 
Sandy Lake............. 4 00 
Pine River Reservoir 


stp The effect of the operation of these reservoirs in reducing the floods of 


- the Lower Mississippi was studied for each of the great ; floods of recent years” 


Flood” of 1912. —In ‘this year the flood er erent the 


of April | and the operation of of the Minnesota Reservoir System caused 
‘reduction of about 1100 sec- c-ft., or less than 0.2 in. on the ; gauge at Cairo. 
= Flood of 1918. —The flood crest reached Cairo early in April. The Upper 


Mississippi was at low stage at the time corresponding to this’ “flood wave, 
the reservoirs discharging water in order to maintain navigable 


‘This resulted i in than n decreasing) the fl dis- 


tions in ‘the ‘Upper Mississippi were similar to in 1913 and the Cont 


sé of the reservoirs increased the flood discharge about 250 sec-ft _ aa 


eae Flood of 1922.—This flood had two approximately equal ¢ crests at Cairo, 
7 c the first late in March and the second late in April. The operation of the 
7 “reservoirs reduced the earlier crest. by 500 sec-ft., and the later meen by 1700 
-ft., 0 or about in. on the ‘gauge at Cairo. or 


} o iege Flood of 1927. —The flood crest reached Cairo ju just after the middle of = 


«Dy 
and 1927, da i reservoirs ‘were storing the entire flow of t their 


Upper 
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| navigation and power development. they had been operated solely ‘the 


| these interests. In 1913 and 1916, they were contributing a small increase 
7 to the Mississippi floods to the benefit of navigation and power. ween ie? i 
Summary Y —Leaving out the Miami regulation which is more a 
detrimental than beneficial the three ‘Propects just discussed have a 
storage” eapacity of about 4150 000 acre-ft. As now operated their combined 


dependable reduction of Mississippi i flood peaks is about -ft.; that 


7 benefit of the Mississippi floods they could have done no more without dinteee a — 


to reduce past floods 1 sec.-ft. has required more than 55 300 acre- -ft. of ‘storage. 
U7 
If these reservoirs had been operated primarily for ] Mississippi flood x protection Ba 


they might have reduced Mississippi floods by 2200 -ft., or nearly thirty. 


times as much. ‘These ratios are interesting, but not be used indis- 

-PossiBLE RESERV VOIRS ON THE TRIBUTARIES OF THE Mississipi RIvER 


For or this next study the water- -shed the Mississippi. was divided into five 

principal divisions, as follows: The Ohio River "and its tributaries; (2) the 
Upper Mississippi. ‘River; (3 ) the Missouri River; (4) the. Arkansas “River. 
¥ group of tributaries ; and (5) the Red River group of tributaries. 


< ~The Upper Mississippi has been taken to include that part of th the river = 
St. Louis, Mo., and Cairo. The Arkansas’ group includes White, 


Black, and St. Francis Rivers and minor | tributaries between Cairo and Ar- 


kansas City, Ark. ‘The ‘Red River group includes the Ouachita and Y az00 


Rivers and neighboring ‘small streams. Each of these divisions differs from. 
the others ‘its, Tun- -off characteristics and also in on 


TABLE 21.— —Principan AL TRIBUT. ARIES OF MississiPP1 River WITH 
Argas AND. PERCENTAGE OF -Frows | Conrsanuren. 


94 PERCENTAGE oF FLOW ar Cairo,Inn, 
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gees percentages of flow at Cairo are fairly accurate, but. those at the 


_ Arkansas and Red Rivers are rather uncertain, due to difficulties in detecmine- 


ing the actual flow the Mississippi at these points. 


The I District Officers reported on all reservoirs that: could be found with 
a capacity of 100 000 acre- ft. or more. In all, 321 reservoirs were included in 
4 the reports. these 124 were thrown out as impracticable, or unnecessary, 
chiefly b because there was not sufficient water to fill them at the time they are e 
Table 22 gives a summary of the 197 reservoirs which have been 


ats 
—Summary OF ‘PossiBLE Fioop Controt Reservoirs. 


evil oni 


Total capacity, in 


cost per 


A 

Average 


tage of 


Total cost. 
reservoir, 


lowest reservoir. 


= 


River above lowest 


acre-feet. 
ercen tal 
ainfall of Mississippi 


Percentage of 
drainage area above 


Arkansas 


= 

ilable. 


aval 


Not. 


‘Total 45 in 1927 


we s of the reservoirs, graphs we ere 


prepared showing ‘the aggregate rate in the ‘reservoirs | of each of the 
“4 five divisions for each day of the 90- ‘day storage period. The’ actual reduction | 


of flow in t in the Mississippi Valley is: quite different from - the sum of the rates — 
of. storage at the various reservoirs, because of the retarding and equalizing 

ae of the storage in the valleys of the tributaries between the reservoirs 


the Mississippi. For example, between high and low water the Ohio 
oe ts a storage capacity in the main valley of about 12 000 000 a acre- -ft., ‘more than 


2 eel 40% of the capacity of all the reservoirs av ailable on its water-shed. co is. 


Computations to determine the effect of valley storage are ‘not yet 


completed. at rough approximation, therefore, has been used to obtain the 
aes _ figures in the computations to follow. ie The reduction in maximum flood dis- 


that would I have been about by the reservoirs of each division 


The effect on gauge ‘of this reduction of discharge on 
_ increment of discharge corresponding to a change of stage of 1 ft. near the 


oT Ov 
= crest of —_ confined floods. - The increment of discharge varies | considerably 4 
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Popes} RESERVOIRS AND FLOOD PROTECTION 
different floods pr incipally to variations in the slope of the river 
by variations in relative contributions by the tributari ies. Studies on this” 


"subject are still in progress, but it is believed that the following discharges P 


ast 


i be taken a as fairly safe: (a) 65 000 see- ft. at Cairo; (b) 80 000 sec- ft. i 


the mouth of the Arkansas’ | River: 1 and (c) 75 000 sec-ft. at the mouth of the 


Red River. The last quantity is a joint increment for the Lower Mississippi _ 
TABLE 23.—Ner Maximum as Repucep BY RESERVOIRS, 


 Uppe Mississippi Si 80-000 80.000 
Total at Cairo $70 000 000 | 845000 
Arkansas Group 80 000 20000 | 45000 

at mouth of Arkansas * 500 000 | 600 000 060 
Red River Group peels 85 000 3 

Total at mouth of Red River.. 


ual 


effect reservoirs would have bad 


T 


mouth o r- | Atmoutho 
Division. At Cairo, in feet. kansas River, infeet.| River, in feet. 


‘Upper 


ae * The total effect of several divisions on the same guage is not ariel same as the sum ne 


th 


q 
_ The estimated cost: of reservoirs to produce this of gauge heights 


vi In Table. 25 is shown the cost of ‘reducing the Mississippi River discharge 


1 sec-ft. by reservoirs in each of the five divisions. Od 
tables, The studies of other boards working on the Mississippi flood. protection 
owing f problem indicate that it i is feasible. to protect the valley against the maximum | 


is ‘Probable: flood by lev ees, spillways, and by- -passes, which means that reservoirs 
not essential toa Mississippi flood “project and, consequently, their adop- 


vision 


peer 


tion « or rejection should rest on their economic value. The ‘studies have not 4 
his 


"reached given; ; but an. estimate has been 
ns 
Bi 


wil 

. 
th 

— 
4 

— 
ts 
— 
7 
4 

& 
4 
— 
4 

&g 

the 
7. 

rvoirs 
e than 
yet 

pais 
on 
ar the 
Bierably 


2528 RESERVOIRS AND FLOOD PROTECTION 

maximum probable flood and against a flood of 300 000 ft, less. ‘The 


sults are probably higher than the cost any alternate method that. might 
be adopted, _ such as the provision ofa by-pass through Tensas 3 Basin, or of a 


ows 
large amount of ‘storage in St. Besin. The yesults are given in 
tat 


< TABLE 95 or Repucine MississiPPi 
“fer, Pare ; 


Upper Mi ssissippi. 


0 "Reservoirs. in the Arkansas and Red River groups re the flow only in that part 
f the ‘Mississippi River lying below them, respectively.. 
_ From Table 26 it appears that a reduction of flow at Cairo by 1 sec-ft., 


er $860. The cost of obtaining it by reservoirs on the Ohio would be 
$8 870, or 4.5 times as much; ¢ on the ‘Upper Mississippi, $3 800, or: 44 times 


as mens and on. the Missouri, $2 58 590, or 3 3 times as much. ae 
TABLE 26.—Savine in Cost oF Protection By Levees Due To A 


or 300 000 Srconp-FEEtT IN Maximum Fioop Fiow. 


Cairo to mouth of Arkansas $ 27 000 000 $ 90. 
Mouth of Arkansas River to mouth of Red 
Mouth of Red River to Gulf 89-000 000° T 


in the discharge of the Arkansas group of 1 sec- ft., is worth 


+: 
; — plus $130, or $770. _ The cost of obtaining this by reservoirs i is $4 490, or 
a 5.8 times as ‘much. ws similar reduction on the Red ‘River ‘group is worth only 
$180 and the cost of obtaining it by reservoirs | is $4 020, | or 31 times as much. 


— This relation can also be set up by comparing the cost of an acre- -foot of 


"storage with the cost of an an equivalent amount of protection by levees. Table 


Columns (5) and (6), Table 24, ‘how ‘the costs, which should be compared 


with the values (4) | that only i in the Upper Mississippi 
o Division are any reservoirs found the cost of which i is less than their computed 


_ values: for flood protection. Four such reservoirs are found in that Division. 
Their con mbined capacities total about 846 000 acre-ft.; and they would lower 
gauge at C iro about 3 in, Af further analysis” of ‘being 
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to see what would be the effect on other interests of taking these reser- 


TABLE 27 —ComParison OF oF AN ACRE- ‘Foor oF STORAGE. 


verage 
Division. required for | Value of 


Cost of i. 
acre-ft.in 
cheapest ay 


Acre- feet 


The studies of the Board many reservoir sites have an 


economic value for local use that is greater than their value for Mississippi 


—_ protection, so that before : any reservoirs are appropriated exclusively for — 


foot q 


chet 


- Mississippi flood protection, a careful analysis” should be made to ascertain 
i? what the effect of such action would be on local ‘interests. - On the assump- 


Z tion that the best interests of the country will be served only when reservoirs 
are 


are used to produce their maximum economic value, it may be concluded that 

if reservoirs have a large potential local value they should not be lightly appro- 

priated for exclusive Mississippi flood use. Tt has been found that operation 

of reservoirs for local p purposes will generally | greatly reduce their value for 
Mississippi flood protection, , and, in fact, may even make that value a negative > 

“quantity, as | already shown in the case of the Miami Conservancy Reservoirs i 

the reservoirs at the head of the Mississippi. 


te 


‘The: costs of of reservoirs no noted in this paper are the total costs as ethiiinted 


' by the District Engineers. In some eases benefits would result to other 


ig 

ssissippi 
O mputed 
‘vision. 


ld lo wer 


interests, which might somewhat reduce the costs to be charged to Mississippi 
d flood protection. The estimates of s such benefits are not yet complete, but the 
indications are that, while they may justify further analysis of a few reser- 


Voirs, , they will not materially change the general results. 


In addition to the of to be built and operated primarily 


for Mississippi flood protection, the Board has made extensive studies of ‘the. 


results to be obtained should reservoirs be built and operated for their greatest: 
economic value, considering all uses. Obviously, the time and funds avail-- 


able » were not sufficient for completing such studies for all the streams in the. 


tela 
in which any stream can be developed and « operated. ‘The Board, therefore, 


ree its efforts ~ 1 the streams on | which other interests had —— 


There are almost an infinite number of ways, 
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In general, it appears that the values of reservoirs for local flood 


n, irrigation, power, or r navigation, or for a combination of such uses, is 
greater than their value for Mississippi flood protection. In other 


words, Mississippi protection, if proper weight be given to economics, 


<= generally be a minority interest in reservoir development, and the prac- E 


“a tical suestion arises as to how far a minority interest can go toward securing 
participation of the majority interests. Such an undertaking can be accom- 


plished in only two _ways; either” the minority interest must wait till the 


_ majority ’ tahewent in is ready t 0 go, or it ‘must undertake the financing for both 
- interests and assume the risk of being able to profitably dispose of the majority. 
interest after development i is made. 


‘There may be some streams on which the majority interests will be ready 


to go before the Mississippi flood project is carried out, and on such streams ‘2 

it may be practicable to secure a certain amount « of Mississippi flood ‘protec- 

tion by contribution | commensurate with its value. On the other hand, the ~ 
need for Mispiasigan flood protection is immediate, and its cost, at best, prom 


| There will doubtless be advocates ‘ready, @ as s in the past, to us use the u urge in 
- Mississippi flood protection as a means to induce the Federal Government to 
undertake comprehensive projects for complete development of some or all of 
‘the regardless of what proportion of the benefits may y accrue to 


Sere own merits, with due consideration. to all interests; and it is to be hoped — 


Dy will not be permitted to delay action on a Mississippi flood project should | 


“4 
iy 


recommending combined but, | as ‘atated previously, it rec- 
that such projects may develop before the Mississippi flood project is 


a as to what use can made | of itl ld 
te Otherwise than those mentioned, it is | believed that dependable benefits 
9 Mississippi floods that may result from the development of reservoirs for 


~ combined uses, will not be large and that they should be counted on solely as 
- contributing to the factor of safety on whatever Mississippi flood project is 
adopt . The Board is endeavoring to arrive at a measure of the probable 


benefits to ‘Mississippi flood protection should the maximum economic devel- 


opment of all streams in the drainage basin be accomplished. . At best, such 
an _ estimate cannot be accurate and perhaps the nearest approach to an answ oF 


will come from. determining the effect on "Mississippi floods of equating the 
w of the tributaries as nearly as the available reservoir capacities | will 


__ From the studies to date, it ay appears that it may not exceed 10% of the 
oe ct of the same reservoirs used primarily for Mississippi flood protection. 3 


fi addition to | reservoirs on tributaries, the Board was charged with rr 


(te esp ote Tis te 


of determining whether | any” feasible reservoirs could be found in the 
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results: of the on this subject are not yet available, 
but it appears that t reservoirs could be built: on the main river at it Commerce, 
Mo., by IR the St. Francis Basin, at the 1 mouth of ‘the Yazoo, a and i in a few other 
places. reservoir sites found in the main V alley of 
the reservoir at Commerce, Mo., appears to be too great 
make it f feasible at this s time, even when credited with all possible benefits —— 
“Pow er navigation. | The reservoirs at the ‘mouths of the lower tributaries, such 
as the Yazoo, do not offer much promise. e. The St. Francis Basin offers the 
; best reservoir possibilities i in the valley. To create a reservoir there, howeve er, 3 


will drown out several towns and necessitate the relocation of many miles of 


railroad and highway. _The estimates of the flowage damages are not 
‘complete, and until available, no opinion as to the feasibility of the project. 


7 


eady 
, the 


To conclude, the Prospects: reservoirs as a of a Mississippi flood 


‘project, are not very good. One after another of the possibilities have “w ‘w vashed 
out’ till practically nothing i is left, except certain 1 relatively small “reservoirs” 
6 on the Upper Mississippi ‘and certain reservoirs in the “Mississippi Valley 
Proper or at the mouths of the principal tributaries and even they do not <a 
The Board, on the Chief of Engineers, used effort to find 
eit reservoirs. — Its studies have been far-reaching and while the limited 


time available has made it necessary to adopt certain “short cuts” and ‘approxi; 


— it ‘is the ‘writer ’s belief that the results. will be : sufficiently accurate 
ion of the extent to which reservoirs 7 


srobable 

devel- 

st, such 


| 
ec- | 
her 
rac- 

ing | 

a 

both 

= 

bear. g 
for 

a 
nt to 

all of 
ed on 
hoped 
should 
q 
istified 

1t rec- 

yject is 
cult to 

Tey 
- 
+ 
| 


RESERVOIRS AND MISSISSIPPI CONTROL [Papers. 
E E BASIS OF THE CASE AGAIN ST RESERVOIRS © 


FOR MISS SISSIPPI FLOOD CONTROL 


om here has been a fifty-ye -year controversy between the proponents of r reservoir by 
control and of levee control for Mississippi floods. | b _ The writer is n¢ not attempt- 
ing to settle that i issue. He does not know what are the aggregate possibilities 
for “reservoir control, and any estimate made without ver y extensive and 3 


Iti is a fundamental axiom sound engineering that when issues are 


Actual 


g and definite studies of act hot cases are necessary. 3 Until they have been car 
7. ried toa) point where, as nearly as is reasonably possible, all major possi- 


bilities have been conclusively there is no basis for 


" - the case. against reservoir control for the Mississippi has been properly estab- 


4 lished, ‘it is s because a definite study of the matter has been made, and because 


a conclusion has been reached in accordance with the evidence. The trans- 
mission of an authoritative dogma from one generation to another will not 
“suffice. | Somewhere along the > way that authoritative | doctrine must have b been 


~ established by ‘scientific methods, and those methods and results must be s sub- 


7 oe _ ‘The writer decided that the best contribution he could make to this dis- 


cussion was to try to discover the exact nature of the evidence which has led — 
the Mississippi River Commission ‘to reject reservoirs. — ‘He has read a vast 


- amount of literature on the subject, especially the writings ¢ of members of the 


Commission and of Army Engineers, and he has constantly watched for 
references to other and authoritative opinions and reports. 


aks 
a ‘he whole controversy | has been clouded od by tw two factors. ‘a First, it has been 


ne made to appear as an issue of levees versus reservoirs, on the assumption that 


Such is not the case. In a great Tike. that: of the control of the 
ae Missiosippi it would be almost miraculous if 100% of the desired results cquld 


; ‘all possibilities, and then, by ponreny analysis and synthesis, to design a total 


_ improvement i in which each method is introduced to whatever degree is most — 

_ effective and economical. - even 10% of the desirable results can be secured 

by each of | two or three other methods, then control by levees : may be reduced 


‘a So far as the writer can discover, up to 1927 this attitude of endeavoring — 
to \ work out a solution that +t will use ‘use all desirable : methods never has been. taken 


by the Mississippi River Commission, rather attitude of an armed 


Pres., Antioch Coll. ; Pres., ‘Dayton Morgan Eng. 
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Second, great confusion has | been brought into the controversy by 


ite of a basis for comparison. ‘There frequently has been a general admis- 


sion that reservoir control would be "preferable to levee control if it” were 


economically + as “feasible. To determine that levee control is less expensive it 
is necessary know approximately what each would cost. Now, neither 
these costs ever has been adequately determined. ‘The Mississippi River. Com- 


om ‘mission estimates s of the discharges to be . provided for by a a levee » system, and 
of the works ultimately necessary, always have been made by arbitrary 


fail. "The agrees es with the statement tof N. C. Grover, M. Soc. 


that students of hydrology have long known that a flood of the magnitude of 


that of 1927 was inevitable. * The failure to recognize fi flood possibilities is one | 5 


‘That the official estimates have been presented to the public as s the full 


cost of levees in a a program of complete protection, there can be no doubt. ¢ 
_ The report of the Special Engineering Board of | 1874-75, which led to the a 
of the ‘Mississippi River Commission, largely established the 


This report indicated a cost of less - 


: ‘The late H. M. Chittenden, M. Am. Soe. C. E, at one time Chief of Engi- 
‘neers: U. Ss. Army, formerly was: a recognized authority of the Army Engi- 


"neers against reservoirs. deciding against reservoir control on the basis 


cost, he referred to the report ‘of the Mississippi River Commission for 


as authority for the statement: _ “Take $40 000 000 and reinforce the 


entire levee system of the Mississippi. That will make it impr egnable. * % 
ih 1896 the levee : sy ystem was 0 only well begun. i $40 000 000 would make 


In the 1896 report of the Chief of Engineers, U. S. Army, ine a 
“cost of complete protection by levees is $18 000 000. In 1912, the 
of the Commission stated that $73 000 000 was ample to do all remaining _ 


i necessary work. In 1922, a member | of the Commission stated: ‘ter wall 
_ “There is no uncertainty as to the outlay that will be necessary to * * * 
complete flood control * * * neither is there material uncertainty as to the 


grade line to which the ievees must be constructed * * * no increase 
is now contemplated, except to meet local conditions as are 


: ib In 1924 the Chief of Engineers stant that 90 000 00¢ 
re plete the work. In 1925, in an article entitled, “Why the Mississippi Rive = 


Commission Sticks to the Policy of Levees Only”,§ the President of the Com- > 


Transactions, Am. Soc. C. E., Vol. LXII (1909), p. 
Engineering Record, October 26, 1912, Vol. 66, p. 471. AE 
§ Transactions, Am. Soc. C. E., Vol. LXXXV (1922), p. 1479. 


|| Loe, cit., Vol. LXXXVII (1924), p. 976. 
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- &There are now completed or nearing completion 1824 miles of levee line 
on the Mississippi River, containing 4 429 000 000 yards of earth, and requiring 
‘ ze 76 000 000 yards to finish it. That would have been the end of the 
ssion’s levee building but for the fact that Congress has recently 


‘cent’ the Commission’ 8 jurisdiction to the tributaries and outlets. si oo 


b by "year the Commission has reported the “approach ‘of the levee 


system to final completion. Under the heading “Effect of Improvement”, 


t 


may be stated that in a general way the improvement [of the Missis-— 

- sippi] is providing a safe and adequate channel for navigation and is a 

: .- condition to prevent the destructive effects of floods in all l except the = 


- ve For the past three years, beginning with the report of 1924, this atte 
e ause has been omitted, and the st statement reads: “* * * is now in = 


tion to prevent nt the destructive effects of floods” + 
> the The writer believes he has quoted enough to indicate that the ‘estimates 
of the , Mississippi River Commission have been inadequate. These estimates sof 


ee the» cost necessary y to complete the | levee system seldom have been more 
4 se 20% of the true cost, and sometimes less than 10 per cent. The writer 
believes that this extreme inadequacy of its e estimates has rendered difficult, 


7 # not impossible, any dependable comparison between the cost of levee pro- 


the other hand until recently there has not been even. a remote effort 
4 on the part of the Commission to discover and to to estimate the ‘cost of the most 


favorable opportunities for reservoir control. Thus, we have the remarkable 
situation of fifty years ‘of insistence of the ‘superiority of levees | over reser- 


_voirs, without a thorough- -going engineering analysis of the cost of either. 


Perhaps, however, the : members of the Mississippi River Commission are 


thoroughly informed | concerning the principles and facts of Teservoir con-— 


that their informal - judgment is sufficient. The writer has searched ‘their 


_ writings of nearly half a ‘century to find evidence of that clear understanding, 


_ but he finds i it to be almost completely lacking. | They | have many times given 
their reasons for rejecting ‘reservoirs, the important of which will 
th 1912, the e President o of the Mississippi River Commission stated}: . “To O- 

Bo ‘control the flow of every stream in the Mississippi ‘Valley by reservoirs is a : 


large job, even for the e United States Government, but ‘that is what 
the control of the ‘during floods by reservoirs signifies. ‘This 


statement, of course , is incorrect. A similar impression is ‘repeatedly given 


by referring to the vast drainage’ area of 1250000 sq. miles to be controlled. — 


In fact, although the Ohio drains but one-third of the drainage area of a. 
Mississippi above Cairo, th, and but 16% of ‘the drainage area of the 
_ river, it delivers from 55 to’ 85% of the flood waters that pass Cairo. The 
eontrol of that third of the “shed above Cairo would d go far toward 


Engineering Record, Vol. Meg 3, 1913, Dp. 506. at 
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below. These men reiterate that the Ohio supplics a hid of ‘the total 


annual run- “off at as if ‘Gat statement 
ait delivers 


1922, another member of tl ‘the ive stated* 


that “this shifting of the locus of : great floods’ over such great areas | prevents 
control.” In ‘illustration he mentions five floods originating 1 in the: 


a This is for both the floods he ‘mentioned 


as coming Shien the Mississippi above Cairo, although they were the two record 
floods on he upper ‘Tiver, before 1927, did not furnish enough water to 


of importance below ‘the ‘mouth of the Ohio. ‘The 1903 flood, which did such 4 


damage below Cairo, wa was ‘not the summer flood from the ioe: ‘Mississippi, 


but a spring flood from the Oe 


We are repeatediy ‘informed that the Commission and the 
4 


“neers know the value and limitations of reservoirs because they buil and 
‘operate those on the Upper Mississippi in Minnesota. + These Minnesota 
_ reservoirs referred to by both friends. and enemies of reservoirs as entderngree 


‘system of 1 reservoirs in the world”, 1 


the State of Minnesota. ‘They « -eontrol an small part of the total 
- flow, and are too far removed from the lower river to have any appreciable 
bi effect « on floods. . What t the Mississippi River Commission has learned about 


— by the < operation of the Minnesota reservoirs is nothing of im- 


This ‘same President of the Commission makes ‘statement ‘that i is 


reservoirs mast limited to to ‘the -waters of streams. Flood- reser- 
voirs are best located low down on the streams, as ‘nearly as” possible. just 
7 above | the property they we to protect. Contrary to the frequently repeated 
statements of the members of the Mississippi River Commission, ‘suitable 
sites low down on on the main tributaries probably do exist. 4 
‘Many engineers look back to the cla: classic paper against reservoirs Gros, 


_Inspector- General of the Department of Bridges and Roads of France, 


which the same ‘assumption was made that dams must be limited to head- 
waters. 3 This being almost the only European paper on the subject. —- 


American technical ‘press 1 until years, it is almost the 


A 

pe. 

the existing limitations of dam although it is s partisan.. In days 

French dams must be of cut- stone masonry, founded on solid rock. To-day = vs 


Am. Soc. C. E., Vol. LXXXV (1922), p. 1462. “palsainite 
Engineering Record, Vol. 66, p. 470; Engineering News- Vol. p. 557. 
_ ¢ Transactions, Am. Soc. C. E., Vol. LXII (1909), p. 351; Engineering Record, Vol. 66, 


ja 
News, Vol. 25, March 14, 1891, p. 258 


ee 
a — 
| pods at Cairo is the important 
— 
e | — 
a — 
a 
1 
- 
tes ke a 
ore 
alt, - @ 
fort —— 
nost 
con- 
their 
— 
= 
3 is 
what | 
given | 
olled. 
of wd 
whole 
fur- 
| 
| 


‘RESERVOIRS | AND MISSISSIPPI FLOOD contro, 

‘“ some of Gros’ ‘most ‘serious objections are of small importance. The dams: of 


im ae 
the Miami Conservaney District would have. been totally beyond his horizon. 
j 
i: ngineering design has been revolutionized, an nd the valleys of large givers 


= furnish safer and better sites for great dams than the head- waters. 2 


A far more important French discussion of about the same pt per iod is s that by a 


echalas in “River Hydraulics”, published in Paris in 1884,* ; although it, too, 7 


~The assumption that sites for fi flood- control can be found 


waters “permeates the thinking and writing of the Army Engineers 
_ members of the Mississippi River hs wera and largely destroys any value 


their: studies might otherwise have had. 


A President of the Mississippi River Commission, who served das Chairman 
of the Special Committee on Floods and Flood Prevention of the Society, states 
d that all the reservoirs of a certain suggested system on the Upper Ohio would | 
" hold the total flood flow of the Mississippi for only « one day, and that, as a flood 
\ may last 40 days, 3 it is implied that forty times as much reservoir | capacity 


s would be necessary. + This kind of reasoning is found throughout the discus- | 


sions of members of the Mississippi River Commission. It represents one of | 
98s - the defects i in tl the ‘current reasoning | on the subject. Even i in the great flood of 


1927, a ‘holding back of 20% of the total flood hee: probably would have been 
- more than adequat wee While the excess flow at the crest of the flood may be 


ae. one-half or more of of ‘the total flow, the crest flow lasts for only a small I portion 
oe of the total flood period. It should be recognized, however, that r 


oo storage n never can be perfectly timed to hold back the crest only, and that 
@ therefore reservoirs st seldom operate with the highest th theoretical — 


Members of the Commission and Army” Engineers ‘repeatedly state that 
es or reservoirs on the Ohio System would ‘soon fill with silt and be useless,t yet 


a careful study by Stabler, with reference t to a proposed system of reservoirs : 


on the Ohio, indicated that if all the e silt above them were held, ‘they would | 


like those of the Miami Conservancy District, not : more ethan one- e-third 


of the a annual ‘silt load is held in the basins, so that the life of a retarding 
basin on the Ohio would run into thousands of 10% of its 


Another member of the Mississippi states, “Nature 


has greatly simplified the problem of control by the drainage 
that there are difficult ‘problems of flood than 4 


are found in these same basins. : In the great St. Francis and Yazoo Basins — 
en are six or more streams emerging from the hills, each of seer has a 


maximum flood flow of 100000 to 150 000 ou. ft. pe 


= Co. has a translation of this article, prepared by K. C. Grant, M. Am. Soc. 


News, Vol. 60, 88; 3 Transactions, Am. 8 C. E., Vol. 


Transactions, Am. Soe. C. Vol. (1922), p. 1467. 


— 
| & 
— sic 
— 
— 
—  the 
— 
ml 
no 
res 
— 
— to 
7 
tra 
the 
fi 
| = zat 
| 
deve 
as a 
| 
am 
— of 
— An 
as ti 
“Théorie Général] des éservoir d’Emp emen des rgan Engineering ps 
3 LXII (1909), 
“| 
7 g 
— 
— 
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channel capacity | in ‘the basin of less than 3% ‘that amount. Control . of ~ 
streams by reservoirs is feasible and probably is the only feasible method 
within reasonable cost. Such reservoirs would help solve the general Mis- 
= problem, and perme them much of the land protected by levees will 
still be ‘subject to destructive local flooding after the great river is controlled. - 


the writings of the Army Engineers and of the Mississippi River Commis-— 
g 


sion for ‘forty years one finds scarcely a hint of this great It 
always has been ignored in 1 their general plans. 


the valuable land ‘that would be flooded. In all the discussion of the 
subject by ‘members of the Commission one sees no inclination to offset. this. 
loss by the g gain of a greater a area of fertile land along the Mississippi between 2 
river channel and the levees. In referring to the valuable storage along 
the river, a a President of the Mississippi River Commission ‘states that the 
7 levees are ‘ ‘several ‘miles apart”, the river channel being somewhat less 1 than a 
mile wide; but while he ‘denounces the waste of land by y reservoirs, he » does 
not mention ‘this greater loss of fertile land along the river. Much of the 
"reservoir area a would be 1 river bed (or rough wooded hillside, whereas” most 
of the land along the Lower | Mississippi between the river channel and th the 
" levees is very fertile, sandy loam. In this item, which is repeatedly referred 
to asa controlling objection, tk the gain by reservoirs would d wholly ¢ or largely | 
‘The Miami ‘Conservancy ‘Basins have been in n operation eight seasons. All 
ten bottom-land | above the dams continues to be farmed, and only a small be - 
- fraction of 1% of the ‘crops planted i in them has been lost by the operation of Be 4 
the « dams. _ The lands increase in fertility through the ‘deposit of silt in early 
spring floods, and steadily increase in productiveness. The ‘sweeping general- 
of members ¢ of the Commission on this point ar are unsound. 
Repeatedly the members of the Commission and Army Engineers condemn 
“reservoirs because of the danger | of failure of dams. This objection does not 
= ‘against : flood control alone, but against water supply, irrigation, and power 
development as well. Well- built dams are a permanent part of our civilization. 
The disorganization of highways, railroads, and towns is repeatedly given 
asa conclusive objection to flood- control dams. Until definite : studies | are made 
hese indefinite misgivings have little value in determining - policies. 
For F or the plans of the Miami Conservancy District, storage space was esas 
a on the Mad River. The best dam Site ¢ available was across a flat valley nearly 7 
s a mile wide, with gravel and sand a hundred feet deep below the surface. Two _ 
4 important trunk- line railroads crossed the dam site and traversed the length — 
of the » valley almost at water level, with a ruling grade of only 0. 2 per cent. 
An electric line paralleled the two railroads, although with more tolerance 
" as to ) grades, and an old established town of 1200 people was in the ‘proposed — sh, 
basin, Main-line ar and branch highways | crossed the site from end to end. 
aon sol it paid to overcome all these difficulties and to build a dam on that site in 
order to supply nly one of the seven major elements of | a local improvement. 


hen we come 
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found, desirable to retard flood flows by the construction of dams under even 


greater: difficulties afid Jon a far. larger scale. ay 


conditions above dams are continually The Miami 


‘the are e among | 


far more unsanitary effects i 


vee It has been contended by Army Engineers that reservoirs would have to 


paid for by the National Government, whereas flood control must be ‘paid 


g locally. _ Their own policy on this point now seems to have changed.* : eee) 
The dams of the Miami Conservancy District are repeatedly referred to as 


indicating the cost of reservoir, flood control for the Mississippi. To cay 
_ the local benefits desired these dams. could be built only above | Dayton and 


al b 
— Hamilton, Ohio, and mostly in a region thickly settled and traversed by y many 


: railroads and highways. More than a hundred p public utilities were interfered 
on that project. ‘The of the Mississippi River Commissiont j 


assumes that the whole cost of the Miami System was for dams and retarding 
basins, whereas a very considerable | part was for channel control and levees. 
The high cost of channel improvement through ‘the cities on that project 


could be used as an argument against levees and. revetment as : well as the cost | 


of storing © water ca an be used against reservoirs. For flood control on— the 
Mississippi a a much greater range of choice would exist. Even on the Miami 


a have been secured at a far lower cost per acre- e-foot, aia there would a. 
a large amount of storage available. The writer is of the opinion t that vast 


7 storage capacity ‘is available well down. on the Ohio and its main tributaries 
om a much lower cost than that of the Miami Conservancy District. Storage 


in the Miami Conservancy project cost about $18. 00 per acre- -ft., as ; compared | 
Bie ith $2.65 per acre-ft., as an average for U. 'S. Reclamation Service projects. 


Miami dams were built for local flood control, and serve 
| if they had been in operation during the 1913 flood they would 


-_searcely have affected the flood | stage exactly at the mouth of the Miami; but, <a 
ecause of the nature of the flood crest, due increments lower down 


"massive and more built than is be for 


any type of operation, so far as their strength is concerned. 


— — 


by _ The writer came to have an intimate. a acquaintance with ¢ the late H. M. 
‘Chittenden, M. Am. Soe. C. E., at one time Chief of Engineers U. 8. Army. 


_ The writer feels free to refer to his writings because he has known but few 
gineers for whose intelligence, intellectual integrity, and persistent 1 thorough- 


ness, he has had high regard, at and because General Chittenden v was 
recognized as an authority on this subject. alt fo visto 


Engineering News, Vol. 60, p. 378, October 8, 1908. 
= News-Record, Vol. 94, p. 557. 
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MISSISSIPPL FLOOD CONTROL 2 

In a paper ditscell before the Society in 1908* he gave his reasons for — 


disbelieving in the value of reservoirs for flood control. He refers to a system 


“automatic reservoirs” proposed by the French Government on the Rhone 
about 1856. _ Evidently, he ‘received his information from the ‘previously men- 


Wii 


tioned paper by Gros, a tré anslation of which had been published. t These reser-_ 


voir dams were to have open outlets, not ‘capable of being closed, and = 
intended to restrain only a part of the flow. General —— saeeney - 
dismissed this type of reservoir on the a of ‘this article. 
~ When exactly this same type of flood control - was proposed for the Miami = 

Vi alley in Ohio, General Chittenden was asked to review | the plans, as he was’ i) 


the ranking authority in- opposition to reservoir flood control. A’ After Tong 


and intensive study, he a approved the Miami Conservaney program unquali- — 
fiedly, and became « one of its strongest public advocates. Either the proposed 
French dams were n not properly designed, or their limitations did not apply a 


Beventy: five, years. ago engineers did think on the modern 


n, and thy rejected now be looked upon as excep- 
tionally desirable. — Projects costing $10 000 000 or $20 000 000 are _ referred to ae 
as too vast for accomplishment by the French Government. it was: day 


Later, in the ‘Paper General Chittenden, comme these 


ay 
ee, “The best reservoir site is a natural lake. eee A natural lake, wholly un- | 


controlled at its outlet, may have a more effective control of the outflow than 2. 
an artificial reservoir of equal superficial area when full, although of far 
greater capacity between high and low water. * * * if the artificial de canal 


to the inflow. If this limit is reached before or at the time of maximum run- off, 3 


q 


has reached the limit of its allowable filling, the outflow must be made equal 
then a quantity equal to this run-off must be let out of the reservoir. © This — 


At the time General (then Colonel) C Chittenden this paper, very little 


study had been made of flood-control reservoirs. it is now ‘known that the 


in his studies of the Miami River lem. lake is ever so. 


3 a medium of flood control as the: same body of water would be with a 


Further or on, the same paper, he ‘states: ig 

very reservoir built for the purpose of flood alone would mean 

the dedication of so much land to a condition of permanent overflow in order __ 
that three or four times as much might be redeemed from occasional overflow. _ a 
beak -* The cost, coupled with the loss of so much land to industrial uses, 

would be far greater than that of levees or other methods of flood protection. _ . 
construction of reservoirs for flood protection is not, therefore, 


Transactions, Am. Soc. C. E., Vel. LXII (1909), p. 287. 
t Engineering News, Vol. 25, p. 258, March 14, 1891. 
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which General ‘Chittenden: 


abel is now 


ome of the faults and limitations pointed out by General Chittenden i 
the design and operation of the ‘Mississippi reservoirs in Minnesota are i 


e inherent, as he implies, but are due { to improper design (or ‘operation, | or to 


sats 


conflict of interest resulting from an effort to make them serve more than 
aes purpose. — his discussion of proposed reservoirs on the Sacramento and 

Kaw Rivers, and in his quotations from other | sources, incorrect design is 
ass sumed, which largely vitiates his argument. _ 


the time the Miami Conservancy flood- control dams were being planned, 


‘two flood-control dams could be found in the United States. One of 
controlled a local brook, and the design of the other was ‘primitive 
4 and inefficient that it must largely fail of its purpose. ~ Such was the inadequate. — 
data on which General Chittenden and his contemporaries had to work. a 
‘That General: ‘Chittenden had been unconsciously indoctrinated by the 


7 standard reed of the Mississippi River | Commission on flood control, and that a 


a heo only y gradually freed himself, is ; indicated by the following saneiiuiiiddt by him, 
fe = was criticizing the traditional position of the Commission on the 
matter of outlets : “The writer feels the more freedom in criticizing the 
Committee’s s treatment of this matter because he is at the same time er riticizing © 


After his long study of the Miami Conservancy plans General Chittenden 
eisaaad the methods he. formerly had condemned, and his last professional 
effort was a contribution to the Transactions” of the Society 


the beginning of. ‘the Miami Conservancy the writer had the 
convictions: as those of the ‘Mississippi River Commission. He was 
eertain, on the authority « of the Mississippi River Commission and the Army 
Engineers, that reservoirs were not feasible for flood control. 


On the Miami C Conserv ancy project: the possibility of ‘Teservoirs was exam- 


ined ‘simply to carry out the sound engineering - policy of examining into 


possibility, no matter how remote. The had very vigorously 


the evidence forced his views, 
no oss was more surprised than he. . At the beginning of that project not more> 


sibilit 
eters 


the end e every 0 one was s convinced. 


eur slightly shaken ; ‘reservoir control. could be good daly, 


mn small streams. Only recently he wrote an article on the Mississippi,t 
in which he criticized the Mississippi River Genseledon, but assumed it to be 
4 right in the matter of reservoirs. 


— 


aes In the preparation of the ] present paper , however, he has hunted assiduously 
fF those deep researches and critical studi es 80 | often referred to by the Mis- 
_ * Transactions, Am. Soc. C. E., Vol. LXXXI (1917), p. 1269. Staal eee 
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_RESERVOIRS AND MISSISSIPPI FLOOD CONTROL 
River Commission and by the Army Engineers. his astonishment 7 
he finds they never have been made. _ Repeatedly there is positive assertion 


and the attitude of great a uthority aa always a ‘complete lack of ; any any adequate 


Following back sources one the obsolete French 
referred to, and the report of the Engineering Board of 1874 which 

Ted to the establishment of the Mississippi River Commission. — In this ‘report, 


so often referred to as authoritative, 1 may be found expressed. a fundamental - 


misconception of the proper operation | of flood- control dams, 


ms, followed by | the 


“The question of absolute guectionbilieg, could only be decided by a series _ 


_ of extensive and elaborate surveys, , for which neither funds nor time —_ 
available, nor in the opinion of this Commission are they needed. Here, as 

glsewhere in the valleys, this plan, as an efficient means of restraining the 

a (This w was the Board which esttinnyed the total cost of complete protection y 


= 


by levees at $46 000 000. )+ A discussion by the late W. Milnor Roberts,+ 


q 
Am. Soe. C. E. to prove that 1 reservoirs are not feasible is repeatedly 


ferred to, and is ‘mentioned as disposing once for all of the r reservoir r theory. 
® et when we examine this article we find no discussion and no . conception of a 


modern flood-control reservoirs. 


‘His discussion is obsolete. — Coming down 


: from that early date to recent years we find | one . of the last affirmations of the 
attitude of the Mississippi River Commission in the report of the Special Com- 
“ mittee on Floods and Flood Prevention of the Society. — The Chairman of th is 
F Committee was s President of the Mississippi River Commission, and the report 


cessions ‘some caution. deciding against 1 reservoirs and in favor of 


levees this. Committee states that for rivers like the ane es the Colo- 

rado, e the only | 


Kelly, of ‘Engineers, U. 8. A., M. Am. Soc. C. E, in 


= definitely recommended reservoir flood control for the Colorado River. 
He states that||: “Storage for flood control is justified to a quantity that w ill 
reduce the maximum discharge for any year of record to 15 000 sec-ft. » 9 Se 


a The writer has not presented simply : a few weak points from the | arguments 
of the Mississippi River ‘Commission. He has presented practically all 


y= arguments it has offered. So far as | work: done before 1927 is concerned, the 
adequate sei scientific study of reservoirs » $0 often | referred to by members of the 


Pe ve In view of the great variety of ‘topographic and other conditions over the 
drainage area, ‘it seems probable that an exhaustive may 


Report of Special Board of Engineers of 1874-75, Pt. I, D. 
“Practical Views on the Improvement of the River,” Journal, Franklin 80e.,, 1857. 
Transactions, Am. Soc. C. E., Vol. LXXXI (1917), p 
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method of flood control to have some proper part, if aie a very a part, 


in a well-considered general plan. Dependable conclusions must come from 


discussing suggestions that by the advocates of flood 


control on the Mississippi by: means of reservoirs, the writer finds | his attitude an 
is not that of unqualified approval. __ There have been many suggestions for 


such control, but not many of them have been worked out Baal mores dail 


a proposed system 

situation | of the voluminous report of the Pittsburgh 

_ af Flood Commission about 1910. . An examination of that report, together with 

numerous ‘conferences: with some those most ‘directly responsible for its 
. 7; preparation, led him to the opinion that i in this case the difficulties in the way 
of combining storage for power, flood control, and navigation a in the same space 

would be difficult to ‘overcome, because of inability to foretell rainfall and 

off conditions, and from the impossibility of operating gates to 
the demands of flood control and power development. es 


difficulty of knowing when to store: water for power and when to 


reserve e storage capacity for floods is illustrated in the case of the Miami River © 
in Ohio. In March, 1918, there was an average rainfall of 10.4 in. over the 


above ve Dayton; 1915, only 4 in. Floods. come 


heavy rain has fallen, and variable climatic conditions it wn’ 


of the chief resources of the in its 
as against reservoirs has ree this weakness with which the case in favor of 


; 


presented an irresponsible optimism, with an unconcern for the of 

dependable information, and with a disregard difficulties, that is discon- 

-certing. If one is planning a | military campaign it is good strategy to exploit 


the enemy’s weakness to the utmost. W here the aim is not to overcome an 
opponent, but to find the truth, a different course is indicated. . 


a valuable proposals the writer ever received was from an engineer who was so 
visionary and impractical that he could by no means be trusted with its. 
execution. Mississippi ] River Commission might profit i in the same manner 
The matter of re reservoir control i is a technical o one be ma stered 
ted 
A4 No happy inspiration, | no casual sallies into the field, like those of e mthusiastic © € 
_ advocates of reservoir flood control, and no blind loyalty to a traditional cause, 
like that of the Mississippi River Commission, . can bring dependable results. 
The Mississippi River Commission seems to have trusted to the of 


ena mm 


— 
— 
| 
Vv 
D 
im 3 
st 
iw 
‘fo 
| 
tio 
fo 
kn 
of 
to 
| 
ma 


= 


| 


reservoir flood control to make a presentation of the ease, for reser- 


voirs The Army and the Commission have practically. controlled ‘the purse 
4 de: for the Mississippi. 


An adequate analysis of the problem would require 
years of time and very considerable funds for the accumulation and analysis of — —_ 
; data, and the Army Engineers or the > Mississippi River Commission have i 


the only agencies with ‘Power t to secure ‘the necessary funds. 


_ The Commission is to be criticized, not for failure to understand the issue , 
quickly, but for ignoring it, and for letting the years of its ene pass 
without. a definitive study of the entire ‘Mississippi problem. 

case ‘there should be. opportunities for Mississippi flood control by means 
of reservoirs, where might the sites be found? In the writer’s opinion they — 
‘most probably . would occur just above the of the main 


such as the Yazoo, the Red, and the Arkansas Rivers, where re present back-water . 


conditions probably should be continued, and on these : main tributaries and F 


their branches, probably not more than 200 or 300 miles from the Mississippi. 


‘The greatest benefit would be expected from a few great projects, rather than 

The writer believes that there may be. opportunity for very considerable 
storage, amounting to many millions of acre-feet, on the Lower Ohio itself, 


and near outlets of its main tributaries, as well as farther toward the 
-waters. If properly designed with high dams could be 


‘The St. Francis and ‘Yazoo Basins, which are among ng the 1 very best of of the i 


- Mississippi bottom- lands, and perhaps other parts of the overflow area along 
_ the river, must eventually receive protection from local flood water by dams — 
in the hills. No one of the rivers entering these basins from the hills has = 
. "capacity equal to 5% of the extreme flood flow. The dams which ‘are necessary, 
“for r flood control | on these streams may have a limited but significant effect on | 


-Retarding large capa capacity. probably are feasible on the Red River, 


ve and,on other large tributaries. No human being knows what the ee. 


are, because the necessary investigations never have been made. G 


i If we look. the facts i in the face, we @ see a heroic job ahead, | one that will 


“tion is secured must be o on an unprecedented ‘scale. these the’ 
whole ¢ aspect of the problem i is changed. From: time to time the problem of 
: flood control on the Mississippi should be examined de novo, , as if nothing were © 


_ known about it, to discover how the new scale of thinking will affect the — 
~The» writer believes ‘this to be desirable, regardless of the skill and standing 


be the Ohio been dismissed as s involving too 


‘many complications. The difficulties that formerly seemed insurmountable 
now b be only necessary incidents of the best plan. 16, 
What would ‘the completion “Mississippi flood control by dams and 


as completion by f raising the 
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be "Assume that the present levee system is retained, 
is ‘supplemented by dams which will hold the river within its. ‘natural banks: 


except | during years of extreme run-off, at which the will come into 


First, there are to be about 3 000 000 acres along the ‘Mississippi 
River that ar are not protected by levees. The 1 writer has not personally checked 
- this estimate. m This i is recognized as the most desirable agricultural land along 
the river, as for the most part it is sandy loam, and not the sticky gumbo of the 
lower land in the basins. To reclaim an equal a1 amount of swamp land in 
the Yazoo, Arkansas, or Red River Basins 1 would cost not less than $20 per r acre. 
This land along the river-front is high, and needs little drainage. Assuming 
7G that the land between the river and the levees should be a in great 


floods once in 1 10 0 or 20 ‘years, such flooding would tend 1 to 1 Tenew its fertility, 4 


a4 


=. 


os land along the Tiver-f -front would be worth probably $50 50 per acre ened: 


than it is now, an increase in value of $150 000 000. pes 
water causes most of caving ‘Tive r banks. ‘The reduction of 


A credit of $50 000 000 for this item is very conservative. 
_ The completion of interior drainage and local flood control of the St. 


ng 


Francis, Yazoo, and other basins, except by means of dams and retarding 
basins « on their own water-sheds, wi ll cost more than $250 000 000, and ie 
- sibly $500 0 000 000. _ Since the Morgan Engineering Company has made plans 


or or superintended the reclamation a of 1 more than 1 000 000 acres s of | this land, — 


Flood control by ¢ dams and tending on the ‘streams entering 
: basins, in addition to value in. reclaiming the low lands of the basins them- 


would help control the Mississippi, and might properly be ‘credited 


ary 


9 a rte to the cost of complete Mississippi flood control by levees, only a guess 


can be made. The estimates of the Mississippi River Commission have been _ 


to otally inadequate, and there are no others. We now hear ir rumors tl that the 


"a ‘ new report of the Mississippi River Commission will indicate a cost of com- - 
— of $500 000 000. “i Perhaps, for the first time in the history of ‘the 


Commission, the estimate will be adequate. Assume that completion | f con-— 


trol by dams and retarding basins would save further levee construction, 


so may be credited with that amount, in this comparison of costs gener 


Con rol by reservoirs would ‘give ‘to cities on. the: Ohio 1 River 


ag me ‘Some advocates of reservoirs have gone far wrong in assuming ‘that ion 
little difficulty in Givers uses, such as power on 
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attention t to the limitations of such combinations of use, , yet those difficulties. 
are not absolute, but are a matter of degree. ‘Some degree of. combined use 
e made as he value 


a. is possible and desirable. Only a wild guess | ‘can be made as to t 


of such a system | of dams for other purposes, but an item of § $50 000 ae would 
seem to be well within safe limits. 


Finally, there would be many incidental benefits, some of which would 
be ‘immediately apparent. higher the water rises behind levees 
the Lower Mississippi the farther will it back 1 up the , tributaries, flooding the e- 
and interfering with drainage. Reservoir control would v very greatly 
reduce this damage. Probably three-fourths of the silt and sand carried by 
the river is onli from the ‘banks, carried a a short distance, and deposited | 
again. — 3 ‘more uniform flow, by reducing caving, would relieve the 1 river ¢ 
of this local cal burden of silt, and make its silt- carrying capacity available for _ 
the permanent deepening of its s bed. Jand along tributary "streams 
- and below the upper dams would be saved from n frequent flood damages. - The | 


Ch Mai 


construction of dams might reduce the need for outlets or spillways. - On Omit- : 


ms ting such least measurable values of reservoir control there is a value of 2 7 
more than $750 000 000 to offset the cost of further is 


the of eng engineering two. processes, 


qi of them invaluable, which should supplement, and not compete with, each 


other. One method is that of, perfecting and refining existing 1 methods ; of 


detting future policies” gradually out of past experience. ‘The other 
The breeder. of race horses followed the former method and with al /remark- 


degree of ‘skill, but it. ‘required fundamental engineering design and a 
new: synthesis of elements to create the automobile. The teacher of elocution 
help t the orator to to reach a larger audience, and may use scientific prin- 


ciples j in the details of his work, but it required a process of far more funda- 
mental analysis and synthesis to produce the telephone and the radio. ee 3" 


- The employees ¢ of ‘the Mississippi J River Commission, and the Army Engi- 


neers working under their direction, s sometimes have used excellent scientific — 
: _ methods ir in their work, but in its larger aspects the whole policy has been’ that 
of the practical rule- of- thumb man, and has almost entirely lacked 


going 
believes the “major which have flood control on the: Mis 


sissippi River justify, the following ‘remark of John R. Freeman, 


+ be produced by a committee of steamboat er, without special training in 


exact science. 
gl If the problem must of necessity be salen to either type alone, it ‘should | 


be to the 1 man of ‘practical experience, but i in the present instance the country 2 
sorely needs” a 2 combination of types of service. a member of the 


issippi River ‘Commission recently complained of the criticism: that “no 
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J its of the basis of the conviction the River 


against reservoirs has completely confirmed the writer in this ‘opinion. 


Fike improvement of the Mississippi River is under the control of the 


Mississippi River Commission, which includes both Army and civilian engi- 


pee Army Engineers assigned to district offices carry out ‘the policies 


of th he Commission, @ and are not expected to originate policies. As the experi- 
ae 


ence and ‘the duties of Amy Engineers are » largely concerned with adminis s- 
tration, ‘rather, than with technical engineering studies, and as th these assign- 
aeem posts on the Mississippi River are usually for short periods, they 


itn 
ot have time nor to become qualified a as 18 experts on 


the Commission. 

under somewhat similar limitations, ‘except as as to ‘tenure, of assignments. 
The orthodox attitude of the Mississippi ‘River Commission is the ‘tradi- 


tional attitude of the engineers along the river ap In general, the influence 
of | the Army Engineers has been to raise the standards « of the Commission. 


Itis generally believed that such. spirit of research and inquiry as has existed 


in the Commission has largely been due to the. Army Engineers. ‘It is generally 
understood, also, that they have prevented very serious blunders by the Com 
mission, such as the closing of Old River. 


Iti is impossible 1 to separate the history of the Mississippi from the work 


: of the Army Engineers, ‘but it should be realized that in their short assign- 
ments on the river and in inheriting 


nearly fifty years: the Mississippi River Commission has held to an 
ah arbitrary dogma of ‘ “levees. only” as the final solution of this’ great problem. 

‘Resting on the infallibility of that doctrine, ‘it has" discouraged a thorough 

Be creme of the problem as a whole. To- day, with the estimates of 


- half a century discredited by events, an and with the p pu ublic ready to furnish the a 


any comprehensive on m the problem a as a whole i is concerned. 
hints a good soldier finds himself in a hard position he ditermines to 
“fight it out on that line if it takes all summer.’ ? He knows that “many 
a battle has been won by a a bad general, , but that 1 n0 battle ever was won by 
a debating so society.” a > Let us us be thankful for the hard fighting quality: of « our 

position his method is. to examine that position ‘to discover whether it is 

‘There are’ situations in which the attitude of the scientist is no 


necessary to the nation than that of the soldier, 


a If there should be one chance in ten that reservoirs can n play an economical 
n the nae of the Mississippi, then it is unscientific and 


ss * Pransactions, Am. Soc. C. E., Vol. LXXXV (1922), p. ore 
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having thoroughly examined into that possibility. The writer believes 


there is. in fact” a much greater chance that control by dams and retarding 


basins has an economical, effective, , significant, and necensary place in — 


a policy, even if it be a small place. No more definite « opinion is justified 


During ‘the Preparation of this paper he has become ‘that the 
‘examination which is necessary to determine those possibilities never has bee 
made. strongly | believes that for the ‘National Congress. to be ‘committed 
‘ ‘permanent policy with ‘reference flood control on the Mississippi, 
without such inquiry, will a mistake of of historic magnitude. 
— ‘They writer heard with much interest the p paper of Colonel andl * General 
J Jadwin, Chief of Engineers, Uz Ss. Army, and his associates, are the 
problem of ‘the Mississippi w with an intelligence and a comprehensive view = 
that are promising, and command the admiration of ‘the profession. Had 
that: outlook characterized the study of the - river for thirty years past , the | 
present dilemma as to plans would not exist. ag 
‘There | doubtless will be great pressure upon the he Congress a about. to. convene 7 
to ‘make ; appropriations for reservoirs on the distant head- waters of the Mis- aa 
sissippi in the guise of helping Mississippi flood control. The writer thor- 
oughly agrees with Colonel Kelly that no reservoirs on the distant: head- 
waters of tributaries to the Mississippi can have any appreciable effect on 
on floods. He doubts whether there is a single irrigation project in 
the United States on n wh: hich the building of reservoirs would have any ‘mark- 
edly” favorable e effect on the lower river. Army Engineers should have 


the f full of the Profession in their efforts to prevent ‘the 


This. is. ‘a necessary any criticism of ‘the 
study of reservoirs described by | Colonel Kelly. 


June by the Chief of Engineers and his. associates, could have been spread ~ = 
over a number of years, , the country w would be fortunate. To endeavor to 
crowd into six months the work of ten years is not productive of dependable 
results. u The writer believes this is true of the recent study of ‘reservoirs 
described by Colonel Kelly, for the following 
Until recent years there has been little understanding in America of the 
principles of design and operation of flood-control dams. # In the search by 7 
: Army Engineers some years ago for flood-control : reservoir sites in Ohio, not 
of the sites used on the Miami Conservancy project was discovered. 


Every one of the most significant possibilities in. State | was overlooked. 


widely. experienced and competent h hydraulic and engi- 
- ‘Reers, who had not thought in terms of flood control, often had ieee oll 
; "conceptions of the problem. — No hasty examination would have developed — 
reservoir» possibilities of that. project. The actual necessities ¢ 
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‘The control of the Mississippi by reservoirs 2 ot by any other means will, 
require engineering imagination and creative design on unprecedented 
-seale, and only persons especially prepared, and having a clear  welninelins 
_ of the problem as a whole, would have a concept of the nature and functions 
of such reservoirs, or would 1 recognize ‘the existence of possible sites. The 


writer does not believe it is possible to send instructions toa miscellaneous 


_ group of division engineers, some of them burdened with flood- relief work, 


- whose | past duties have been largely administrative, few of whom have had ar any > 


with flood-control reservoirs, or have given them any thought, 
to get hastily prepared reports of very much value. 
‘The writer understands that instructions for. the examination of reservoir 
i - sites were sent to the various division engineers about July 1, that prelim-— 
_ inary reports were requested in § about two weeks, and final reports about six 
weeks later, or about September 1. More than 400000 sq. miles of territory 
had to” be reported on in that time, only a minor part of which was ¢ covered 
with “topographic maps. The writer believes that under these conditior 
there was small « chance that the significant: ‘sites would be re recognized and 
_ properly appraised. — To assume that errors would cancel each other out is 
somewhat like giving a mathematical problem to s to several men who do not 
understand it, taking the a average of their a answel ers. as correct. 


gates ‘would b closed or on February months, is an 
nade necessary by the ‘great haste in. which the work 

had to be om: and that this rule alone would largely prevent the recognition 


He believes: that this: study will be worse than useless if it leaves" the” 
impression that an adequate investigation has been made, and if the possi- 


= bility of a material degree of control by reservoirs” is thereby dismissed 
af without adequate examination. — 7 After hearing Colonel Kelly’s paper, the writer | 
still is of the opinion that an adequate study of this s problem still remains 
ike — his paper* | Colonel Townsend, former President of | the (Midst 
“/ River Commission, stated that in the further ‘raising of the levees the cost 

a would increase ‘approximately as the | square or the cube of the height. The 
last foot of raise is far the most expensive. _ Colonel Kelly, o on the other hand, 
states that if -Teservoir control is. sought, ‘the top foot of water 
is most easily held back, because the most economical 1 reservoir sites are first 
the work which can be ‘most economically by 
~ that v which is most expensive if accomplished by levees. The writer | believes 

_ a is very probable that at some point, to be determined only by 1 very thorough- 
‘going analysis, the curves of and the balance will be 


the discussion of this is not due to absence engineering 
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‘intelligence, but to. a of the information nec 


necessary for sound 
If the Mississippi River Commission for the past thirty years had made the 


necessary studies, these controversies would already, have been settled 
the Miami Conservancy project 


of opinion, but the technical studies of the settled nearly y all 


4 questions, and the technical design ad adopted has been generally | approved by 
s | 4 American engineers. ‘Similar unity concerning the Mississippi problem 
follow @ proper ‘study, of the facts. No o other policy than long- continued, 


7 thorough-going, comprehensive analysis will bring that u unity. The country 


should not be committed - to a far-reaching flood-control policy without such — 

- ‘study. _ At some time, the fact of lack of information must be acknowledged, a 
and this policy of thorough- -going analysis adopted. —Ity will then take - ‘years — 
of such study to arrive at a dependable decision. 


Ih conclusion, the writer would emphasize - the fact that he is not an 


of reservoir control for the ‘Mississippi. og He does not know to what 


extent such control is feasible; but he does 2s advocate a deliberate and con- | 


‘clusive study of the subject, which, he believes, es, nevi er has been 
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LE VEES AS A MEANS OF F D CONTROL FOR 1 THE 


ig _ The control of the floods of the Mississippi River is truly a great engi- 

_ neering problem. - It involves uncertainties and difficulties to a greater | extent 


: 4s than did the Panama Canal, or any other great work of which the writer wad 


ae Control of Quine floods on a basis of an; any method which has been suggested 


a 


a would involve the expenditure of great sums of money which have not hith- 


erto been available. For this reason the task of those who have been ‘Feapon- 


dnd sible has been to engi such funds as could be obtained in such manner 


“4 as would afford the most protection. In the main, they have performed this 


task ereditably. r' Political expediency and sectional jealousy have played their 


—_ parts in impeding the appropriation of sufficient funds with which to accom- 
the 


oo ___ By reason of the vast territory and large population whose interests are 
$0 greatly involved, the problem has received the attention of man many men, both 
= _ technical and non-technical, some at least of whom have not hesitated to pro- 
:  dlaim : full and final s solution ‘with little or none of the fundamental data on 


which a a true solution must be based. 


_ There can be | no better forum than the. Society before which to discuss 


this engineering problem. subject, has been before it on past occa- 


far more complex than appears upon examination it is not 


_* be expected that the 1 ultimate solution will be attained without research, 


study, and analysis, suc such as would be applied to other engineering | 


It is unfortunately true that enormous amount of misinformation is ex- 


tant, which makes it necessary ‘for the student ti to cheek carefully : a great many 
of the data which he will assemble before reposing too much confidence therein. a 


ae (sce As in the study of other problems in n river - hydraulics, one is soon brought 


to a realization of the vagaries and eccentricities of water flowing in open 


AY 


channels of the character of riv er channels, ‘such, for example, that a given 
eross- -sectional area and gauge ‘reading does not always produce the same 


ove a velocity and discharge; or that a given gauge reading at one point on the | 


i a river does not always produce ‘another ¢ given gauge reading at another point 
_ lower down ; or that the flood- plane of the river along | any given part of its 


length i isa broken line, and that there i is frequently an appreciable variation | a 


between the line’ showing the flood- plane at one time and that of another 


Re time when the | river stage is approximately the same, ete. — 


‘The various” formulas for or the flow « of water in open channels, which have 
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Necessarily some of the factors to lefin 4 

‘known, and for "practical “purposes must be assumed. The most important 
volum e of w water be povided for. The volume 


ealled the high-water years for ‘the last thirty, or forty years is known with 
close approximation; but there has never been a time when all the tributaries: 
of the main river have been in maximum freshet simultaneously, or rather _ 


i at such time as to deliver their respective flows into pea — 


in synchronism with the wave crest of the flood i in that river. Dita wand _ 
It is probable that r will be such time. 


This flood is a very vital one to ‘the residents and property owners 

= of the Mississippi River Valley and to those of the valleys | of many of its” 


"tributaries. Perhaps there has never before been a time when it has received 
the attention of as many engineers as are now concentrated upon it; and 


. is probably true that a greater amount of ‘information is now, or soon will be, } 


or suggested for controlling the floods | of ‘the 
Mississippi River include levees; and all of them also include revetment for the h 


| of caving banks. ‘The writer is among those who believe that levees 


arch, and bank revetment, without the aid of reforestation, contour: plowing, 
lems. ‘Teservoirs, outlets, or spillways, will most surely tage the necessary control 
for the floods of the Mississippi ‘River. This river, it will remembered, 
is an alluvial stream flowing in a bed of its own creation. Its burden of silt is 
heavy and its need for energy with which to transport its ‘silt- laden waters ‘ 
ought — is great. - The channel, as it now exists, is admittedly capable of carrying a 
open volume of about 1000 000 sec-ft. at a bank-full stage from Cairo, Ill., to 2 ae 


Gulf of Mexico. The maximum | discharges ee prior to 1927 Were, as 


however, a divergence of ‘as to ‘its: volume, 
2000 000 sec- -ft. to as much as 3 250 000 sec- ft. ‘Whatever may have 


it would surely have been more ion 000 000 sec- -ft. if aaa 
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. confined within . levees, s, which would have been more than double the capacity 


‘of the bank- full river. It is apparent, therefore, that the channel without — 
levees is not large — bos come: the burden in time of freshets and must 
_ ‘A part of this necessary ¢ seinen’ is taken care of by the leveed se section a 
above the bank-full stage. may be provided by enlargement of the 


‘The “Levees Only”, or “Confinement” A plan is based on the theory that, 


in an alluvial bed or channel, the energy ‘and power required for channel 
_ enlargement may best be obtained by so confining the flowing water that its 
; velocity will be increased and its § scouring capacity will be put to the laauall 


purpose of enlarging the channel. 


bas According to the same ‘theory, ani removal or diversion of any part t of i 


the v waters from. the main ‘stream reduces ‘the velocity (and, consequently, the 
energy) ¢ of the main stream below the point of divergence | ‘and results in de- 
"posits | of silt and the reduction of cross- “section of the main channel, a: and 


hence reduces its carrying capacity ; or, +, to state the proposition in the lan- 


guage of the first. report (1880) of the Mississippi River Commission: 


- “T£ the normal volume of water in a silt bearing stream flowing in a bed 5 
of its own formation be permanently increased, there will result increase of 
velocity and consequently of the erosive and silt bearing power; an increase 
of depth, if the banks are held, and an ultimate lowering of the surface slope; 
4 and conversely if the normal flow be decreased in . volume, there will ensue 
“#4 a decrease in velocity, silt transporting power, and mean sectional - om, and 


Let us: examine how this theory fits the records of such streams thin 


1% In 1918, the late J. A. ‘Ockerson, Past- President, Am. Soe. C. 


53 piled experiences and conclusions of eminent as tot the utility of disay 

“(1) Result of the diversion of the: Adige the reduc 
of flood level by divided flow and conversely a lowering of flood te 
when waters were restored to one channel. for ¢ 
R. 1890, p. 3106 :—‘About A. D. 1438 the Adige broke its levees and strat, 
lee its waters south into the Castagnaro and Canal Bianco, which then the fl 
_ formed a drainage stream parallel to the Po. Im 1545 the breek had so in- ‘ | dimiz 


o a creased, that two-thirds of the low-water flow of the Adige, and three-fourths — 1761 
aa “ of the high-water flow, went through it. A low dam was built across the Cas- 4 - peopl 
a” tagnaro to check the flow into it, and both rivers raised their beds. In 1678 J great 


a new dam was built, as the old one was then buried in the deposit. 
he still rose. In 1791 a masonry dam, 39 feet high, with many arch ways through of dis 
os it, to allow floods to pass, was built across the Castagnaro. _ The bed continued -chanr 
 .. _—- and the floods on the Adige were so high that in 1838 the Castagnaro A. 
was ‘permanently closed. In the six years following the closure the floods in §  fluoys 
the Adige fell, and the more markedly the nearer the point considered was to in the 


“(2) Extrac work of -Frizi, an eminent ‘Italian Engineer, pub- 


4 lished in 1762. 
#5 _ “Of the Rhine he says: ‘The great multiplicity of channels, though pro- 
ductive of very great —— to the navigation and commerce of Holland, 
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LEVEES . “AND FLOOD CONTROL 
draws after it very fatal consequences. . The ws waters divided into so many 
branches lost the ‘rapidity and strength which are required to sustain 
_ push forward those heterogenous substances which they transport. The con- PS 
stant rising of the bottom renders the drainage of the waters from the fields Fs r 
more difficult, increases the expense of the necessary embankments, and always 
augments the damage which these extensive lowlands suffer when the dikes 
break and threaten the whole country inruin? 
remedy that trouble it was proposed 1754 to provide still more 


channels and sluice ways. - Gennette, however, maintained that this would not. 
diminish the height of floods; that all of the several channels should be aban- 


= save one through which the waters should be carried to the sea by the — - 
shortest practicable rout route, and nd advice was” followed with satisfactory 


“The effect to or subtracting from the volume of 
described as follows: ‘We read in the collection of observations for 1728 that, 
having made the experiment of placing a mark (gage) in the Panaro (river) : 
and of letting in and afterwards withdrawing the waters of the great drain of 
| see observed in the Panaro no sensible rise in the first instance, 


nor any visible deosense in the second. These three facts have been partic- 
ularly attested by Eustice Manfredi, whose testimony is worth that of all 
others. No objections can be made to these facts, for it cannot be said that ; 
the quantity of water in the affluent bore no sensible proportion to that of the | 
recipient stream, nor that the sections of the recipient were not effective; _ 
neither can the variability of these very sections be attributed to any other _ ‘ 
cause than an increase of velocity in the united waters, proportioned to ‘the 7 4 


increased quantity of water itself? 


water, which is left behind is not visibly diminished either in height 
is a hydrostatic paradox, commonly taught by Italian authors, an 
fF this f uniformly confirmed by experience, that you do not diminish the height of 
eid they waters in great floods by lessening the quantity of water? 
F _ “Father Castelli, in the 13th Corollary of his first book on Running aaa 3 
"disapproved of the division formerly made of the Po at -Buondens and 
_“Guglielmini confirmed the opinion as to the little utility of spillways 
“Kustice Manfredi proved the futility and danger | of spillways proposed 
for the right bank. of the Serchid River. Experience in like manner demon- | 
es and strated the futility of a cut made in the right bank of the Arno to oe al 
h then § the flooding of the City of Pisa. This cut was made in 1740 but no perespithle 
diminution of flood height at Pisa occurred. The cut was made anew a 
fourths | : 1761 during a great flood but the waters continued to rise so high that the | - 
he Cas- — people ‘could not be persuaded that the cut had been made.’ — In fact, the 
n 1678 greatest flood within the memory of man was recorded. Va 
[he bed “Cornelius Meyer, a celebrated Dutch engineer, , disapproved of this method & : 2 
hrough le dissipating the flood, and instead proposed confining the ‘water to as single ag 
ntinued | channel with ample embankments to carry the flood waters safely to the sea. 
tagnaro 


_ “The canal made by order of the Emperor Nerva to draw off the ome 7 
‘luous waters of the Tiber at the times of its great freshets, did not contribute - 
in the smallest degree to prevent inundations’ = 
__ “One may also inspect the discourse of the celebrated Lorgna on the i inun- 
| dations of the Adige, which sufficiently proves that all derivations made 


2 that river have only produced a heightening of its bed, and thereby rendered 
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‘The as set Guglielmini, govern the regimen of f 


. gol ‘The greater the ordinary body of water in a river the less will be t the — 


-“*The greater the quantity of water a river carries, the less will 


— its fall; ; and the greater er the force of the of the stream, the less will ll be the slope of : 
eo - pe ‘These two rules s resolve themselves into a single rule, viz., That the — 
slope of the bottom in rivers w ill ‘diminish i in the same proportion in which 


‘In the Annual Report ; of 1 the Mississippi. River Commission for 1881, page 


128, ‘occurs a statement to the effect, that levee building on Red River | below 


Shreveport, La., began about 186 0; and that the bed ‘the: river has been 
depressed and “lands have not been inundated for years.” 4 en. 


a (uy The writer has not been able to obtain . actual records of the ‘surveys mad e 
of Red River within ‘the past: thirty- five years, and, hence, is unable to give 
exact figures. “Gervais Lombard, a member of the Board of Louisiana 


State Engineers, who has been in charge of levee work on Red River for 


many years, states that below ‘Shreveport the size of the channel has increased — 
about 800%; that the bed of. the river is generally lower in 


‘that a flood of given volume is carried ‘out of that river now with a lower 


‘flood- than was prior the completion of the levee system. 


j 


or to 


permanent + an 


ing adequate funds with to. build superior p d 
lary works. The levees have a free-board of about 5 ft.; are heavier than the f 
standard ; have a hard surface roadway on the banquette; and are systemati-_ | 

a cally and effectively maintained by regularly employed The f= 


existing channel by comparison 
a pletion ‘of the levee system. It is understood that the channel has e1 itaeged Eee 
On the Lississippi River many ¢ opportunities have been lost for gather’ ing 
and recording valuable data in precise terms. r This has been due, no doubt, ‘eee 
to a lack of ‘sufficient funds, a and perhaps, in part, to a failure to appreciate i. 
e value of such data. 
Many 9 outlets and spillways have closed; many crevasses have ocourredy Riv 
er 
mately ‘denied. ‘in the case of ‘the outlets and spillways, nor 
that of the crevasses, has there been available accurate surveys of the river chaf 
before and after. is is known that just | below each outlet and spillway t the 
river contained shoals and sand- -bars which were obliterated the closure. 7 
F It is also known that below each crevasse the 1 river has been reduced in section » - 
and that, when the crevasse remained d open over a period of years, this reduc- 
has been progressive ; also that 1 upon the closure of the crevasse the 
enlargement of the cross-section immediately began. dete 
a For lack of actual surveys, it is not possible to furnish precise figures of a. 
the reduction or of the enlargement ‘resulting from any crevasse and its thy 


= 

(2554 LEVEES AND FLOOD CONTROL _ 

(zk 

= 

Pe | wi 
™ pte 

— 

— 

— if 

— Ri 

4 

— 

— 

¢ 

] 

a 

4 

van 


wl 
closure. The only outlet which still remains open (other than the yet un- a 

ag closed crevasses of 1927) is Old River (just above Red River Landing), through es 


which large volumes of water leave the Mississippi River in high-water ‘periods 


and ‘pass through the Atchafalaya River to the Gulf. ‘Surveys have been 


- made of the Mississippi River in the vicinity of this outlet from time to time 


-Cross- sectional areas based on “low water” at Tor ras Landing and at Red 


River Landing, respectively, about 3 mile and 1 mile below the outlet, are | 

TABLE E 28 — -Cross- ‘Square 


19 
80500 | 850 86 200 


For some years past ‘it has been necessary to dredge the channel in low- 7 


_ water seasons in the interests of navigation, wuil it is not known to the writer ~ 
ection whether or not this _ dredging may have had the effect of maintaining a fairly 7 

hav- constant sectional area from 1908 to 1924. Later Surveys : are not yet avail-— 
auxil- “able. It is noteworthy, however, that the sectional areas” from 1908 
the 1924 are only about 35 to 40% of the cross- sectional areas of 1884, 

emati- Its seems ‘safe | to assert that a crevasse, a spillway, or ran ¢ outlet will ‘surely — 7 
_ The “result j in a. progressive reduction in the main channel a short distance below 

size of the said crevasse, spillway, or outl t, and ‘that this rogressive reduction of 

sp ay, « or outlet, a a prog e reduction of 

: on! channel will continue as long as the diversion of water from the main stream 

ilarge 


continues. There ; is also much evidence to support the belief that the 
and spillways have a ‘tendency. to silt up tk themselves gradually and, 
thering - therefore, to grow less and less efficient a as the y years go by, although the evi- 


doubt, dence i is not in the form of actual ‘surveys. 


believes it to it will be n necessary either to the Old 
ceurred, «River and confine al all the of the Mississippi River within the channel 
ere ulti | of that ‘stream, or to close the ‘Mississippi River just below the ‘mouth of 
ays, sent Old River and divert: ‘the w waters 1 to the Gulf of Mexico through the At 
‘chafalaya River. The latter route is shorter by about 150 m niles, but the 
‘Yolume to be. provided for would be greater than in the fe former case by the 
closure. addition of waters from Red River and its tributaries, 
section is not the ‘purpose of paper to select the channel, or ater into 
redue- of details of levee construction or bank protection. It seems 
“the wi writer that the first step to take in a study of this great pr problem is to . 
determine, with as much h certainty as possible, whether it is better to concen- Be =. % 
trate the flood waters in. one channel, or split these waters into two or more Y 
channels by maintaining the Ol outlet and by creating o other outlets 
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The u unquestioned fact that the of lange sectional attain 


Lm a 


greater velocities ‘and consequently greater discharge capacities with | a given 
hydraulic slope than 1 would be possible with smaller streams of equal total 
sectional area is a ‘strong point in of the “Confinement” theory. 


increased velocities resulting from confinement of the flood waters and 


increase in t-bearing capacity in "scouring capacity, which follow” 
~ guch i increase in velocity, hold forth } promise 2 of the enlargement of the channel 
by the erosive forces of the contained waters, and a an enlarged | channel is: 
needed to carry the exce excess burden of freshet waters. 
_ The knowledge that 1 the ‘diversion of waters by outlet, spillway, or i 
will surely check velocities and cause deposits of silt, and hence will reduce 
‘the cross-section of the main channel and foreshadows ultimate reduction of 


“carrying capacity as a natural sequence. 


= It cannot | be questioned that a crevasse affords rds an imi immediate relief w | 


the river is surcharged and the containing levees are water- soaked or insuffi- : 


cient in elevation or stability ; but. every ‘erevasse also results i in a a depletion of 
the capacity | of the main channel, which needs to be enlarged rather than 


ai If the problem were merely —— the control of floods for a few 


Sy years, perhaps spillways or outlets would serve; but the problem | is to provide 


— for all posterity, and it appears to the writer that ‘the advantages which | may 


be gained by spillways are temporary, but that they are 


a r enormous a cost for the future that it \ would be an engineering mistake to 


formulate designs of flood control based 1 upon a system of spillways. 


5 For the reasons ‘stated, the v writer is of the earnest conviction that levees, 


with: auxiliary works for the protection of banks from caving, will | afford” 


the only “certain method of the floods of the 2 Mississippi | River. 
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Papers.] NAVIGATION AND ‘FLOOD CONTROL 
= OF: NAVIGATION IN RELATION TO. 


Vis 
—Navication AND Froop Conmon 


And the 5 waters prevailed, and increased greatly upon the -_s and the 
x 
ark went ‘upon the face > of the 1 waters.” ‘This: passage from Genesis. is the = 


earliest record that the writer finds of the re relationship of floods and naviga- 
tion. . Int the modern parallel that occurred in April, 1927, Noah’s one ark _ 
had increased to a hundred, , freely and instantly made available by) the » Army, 

‘the Navy, the Coast Guard, the Lighthouse Bureau, and the v various commer- 

cial boat lines. In place of the dove, fortunately, the ‘seaplane the radio. 
were available. And the outcome proved anew, if proof were needed, that 
these boats cannot be spared from the rivers, rite” 

De day, on the Lower Mississippi, navigation ‘is | overshadowed i in impor- 

| tance by flood control. The latter, like a a modern prodigal : son, after a season 

| of wildness and dissipation, comes back to be the center of popular attention. 
Navigation is the elder brother who once enjoyed pre- eminence on the river, 
but who now finds himeclf relegated, 2 at least for the present, toa a os 
place | at the feast. 


"developments. The present volume of this navigation is not generally appre- 
ciated. _ Consider t! the giant steamer, Sprague, so useful last April in rescue 


activities at her u usual. ‘task, supplying the Standard Oil Refinery, at Baton 
Rouge, La., with crude oil from the ‘Smackover Fields. On March 21, 1926, le 
the Sprague finished a 300-mile tow at Baton Rouge with | a cargo of petroleum — 

(224 000 bbl. of cr ude oil) contained i in 19 steel barges. (See Fig. ) 
‘This tow, the size of four city blocks, contained more than could be meer 1 

in in the largest tank steamer ; the equivalent of no less than 28 full train loads 

of 40 ) cars each, ‘or one solid train 9 miles Jong. It would have taken about 

of the largest old- time packet-boats to carry this one cargo. Now wonder 

the rivers do not appear so | busy in this era of barges and towboats! Yet the 


Secretary, of War was: able ‘to state in his Annual Report for 1926 that ‘the 


“tonnage 1 now handled on the Mississippi | River System is twice what it ever 


in the “good old days” of river 


* Corps, of U. S. A.; Dist. Engr., 


Memphis, ‘Tenn. 
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_ The single traffic i ‘in crude oil referred to, handled by the ‘Sprague and 
half a a dozen other towboats, amounted in 1926 to 2 500 000 tons, about the 
of the entire foreign commerce of ‘Boston, -Mass., News, Va., 


tonnage on the Mississippi and has increased 

1920, as shown by Table 29. 


‘TABLE 2 -Some CoMMERCIAL STATISTIC 


Memphis, Tenn., to Vicksburg, Miss... 925 763 1452887 | 4792780 
; ‘Vicksburg, Miss., to New Orleans, La.. i 


Ohio River 869 i 


4938 297 11 074 
245 647 19 700 000* 


The Inland Waterways Corporation, in its Mississippi-Warrior Service| 
(operating on the Lower ‘Mississippi and Warrior Rivers), charging rate” 


which is 80% of the rail rate, carried 1341000 tons of freight in 1926, an 
7 increase of 18% over the ‘preceding year, with a direct saving in rates to 
shippers of more than $2 000 000. (See Fig. 5.) This season n (1927) the | 


Service has been extended to the Upper Mississippi, with three nev new towboats 


of lighter draft now in commission. Promising experiments in the use of 
powdered coal now being tried on the towboat, Illinois, may lead to revolu- 


tionary changes in ‘power ag for river vessels. This corporation, 


x the first time a net profit of $219 512, 
and is more tonnage it has equipment to move. 


Jones and ‘Laughlin ‘Company ii is now enlarging its $350: 000 ‘terminal: 


amogic Sted of several concerns that “are, 
making: an increasing | use of the Ohio and Mississippi for the: shipment of 
heavy tows of steel from the Pittsburgh District by water to the Gulf. 


Ohio River improvement project by 1929. Ww. Kelly Barge Line 
al built and is putting into operation a | fleet of modern Diesel towboats of great 
capacity. Even the old packet-boats, in general ty) 
cases found a successor in fine “modern passenger ‘the 
ying between Cincinnati, Ohio, and Louisville, Ky. 
As for 
terminal facilities, finding ‘expression in the “rapid “development at 
sites of such structures as the river and rail terminal at Memphis, 


5 


why 
an outgrown type, have int 
Cincinnati, pl 
terminals, there is.a growing appreciation of the vital need of 
by the City of more than $2000 ) 000. 
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The economics o 


been n discussed* before the Society, and will not be 


the symptoms referred to, ‘relating to navigation a at present, are not 
fa 


= 


dx 2p pace with the vast expansion re transportation 


IMPROVEMENT oF NAVIGATION ON THE 
 Thes scope of this paper precludes more than a brief discussion of some of 


‘the practical aspects: of maintaining a navigable channel on the Lower Mis- 


sissippi. . The Mississippi from Cairo to to the Gulf is about 1 060 miles in 


length; the lower 290 miles below the: mouth of ‘the Red River, has scl 


= 


4 


easily eroded banks, and ‘the bars. “The b 


material is supplied from the eroded banks, which give up annually to the 


nearly 1.000 000 000 cu. yd. most favorable factor, as compare 
with other rivers, is the large low-water discharge, which seldom falls: 


general formation of the river not essentially different from that 


i 


bars shifts “Season tos season, and even. to 
unchanging thing about the river is its changea 


a The first. ‘comprehensive } plan for improving the Mississippi River er was by 


_ Ineans of regulation, In 1880, when the , Mississippi River Commission made > 


4 


‘its preliminary report, river navigation wi was a controlling factor, and the plan — 
of improvement, comprised the contraction of “waterway and the protection 
caving banks, in order to scour out and maintain a channel through the 


‘shoals and to build up new bs banks and establish | a fixed regimen, — . It was ——_— 


“the general belief, based upon experience with other 3 rivers, , that such results 


might be secured largely through the instrumentality flexible struc- 


he initial works of river ‘regulation undertaken by the Commission, and 


those most 0 often referred to, were located in the Plum Point Reach, and the ae 
Lake Providence Reach, where low-water navigation was particularly difficult. 


these works there Was expended over a period of several years between 
$4 000 000 and $5 000 000, more than two- thirds of which went into contrac- oe 
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NAVIGAT 1ON 4 AND FLOOD CONTR 
“These works improved —" conditions, and confirmed the soundness 
of the general theory. of improvement. i The frail ‘structures of poles and brush, 


however, proved too light to w vithstand long the r ‘ravages ‘of the floods. Too 
aes attention relatively 1 w as paid at that time to bank protection, aed 3 most 
= the contraction works, 1a lacking continuity and failed sooner 


or later through changes in the river r resulting i in “flanking,” "if if not by direct 


Channel by Dredging. —When it became apparent that 
nel improvement by contraction works, as then conceived, could not meet the 


pressing needs “of commerce ¥ within a reasonable time the Commission 
began experiments with hydraulic dredges of large capacity. After extended 


study and experiment, ‘such dredges adapted to this” peculiar service > were 


2 developed, and the plan for the temporary improvement of low-water naviga- 


tion by opening | and maintaining channels across the obstructing bars, was 
applied “successfully. ‘This constituted a notable advance in the science of 
hydraulic dredging. By Act of Congress « of June 3, 1896, dredging - to obtain 
and maintain: a navigable ¢ channel below Cairo of rer less than 250 ft. in 


width and 9 ft. in depth, was made a part of the project. > GaN 


; Since 1895 a _ navigable channel has been maintained by this method, and 


except for occasional intervals in periods of unusual low water, the ‘Project 
depth and width have been substantially available. present, nine ges 


are maintained by the Dredging District: the > Mississippi River Commission. 


‘They he have: been modernize 


tenanee this method av averages all: field and: 
costs, depreciation, and interest on the - investment), about eon 000 annually. 


eyes of the ‘dredging fleet. As the falls, inspections 


lop 


surveys the “more troublesome crossings. . To these « critical 
ic are despatched | in time to o anticipate, ‘so far as practicable, the ‘effects 


of of shoaling. | Dredging g is ‘is commenced when depths of perhaps 10 to 12 ft. 


‘paper presented. to the Society the late J din A ‘at: ‘President, 
Am. Soc. C. E., twenty-nine years ago, * and have not changed ‘essentially. ae 
Other aids to. navigation on the Lower ‘Mississippi exist in the form of | 
buoys, lights, and crossing charts. The buoys are placed and shifted as neces: 
ae ‘sary by the survey-boats of. the Dredging District, and navigators place much 


teliance thereon. are e maintained by the v. Ss. Lighthouse Bureau. 


a the crossing, the direction of the « current, ‘and the location of the = 


*“Dredges and Dredging in the Soc. C. 
Vol. XL (1898), Pp. (215. 
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‘Fig. 7 is | a map of the Race Track Chute, 607 miles below Cairo, inv 


Mississippi River. This chart represents conditions as ; they ‘existed 01 on ‘Sep- 


tember 24, 1927, only. Th The soundings show actual depths. ‘mean low 
water, the Vicksbv 
we e Vicksburg gauge is 33 ft. ‘They are re- issued as often as conditions _ 
change, it having been necessary successive charts 
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walt Limitations of Dredging. —In this connection, it should be that 


the dredging done for channel maintenance is purely temporary in nature. © 
The excavated material is not removed from the river, but deposited a few , 
hundred fect down ‘stream from the channel limits. If the location of the 
_ dred ged cut has been skillfully chosen, the channel will maintain itself — 
: the remainder of that ‘particular low-water period. At the first considerable 
rise of the river, however, th the channel fills up much like a path through a 


bank of. wind- driven snow, and ‘the marks of the dredging are largely oblit-— 


erated. - The next time it becomes necessary to dredge, the obstructing bar 
may be found to have assumed an entirely different shape, with the new loca-— 


‘tion for the dredged eut perhaps a mile away from the old site. _ Thus, 1 , no 
as to Dor as to the location of lights and 
one will hardly venture to take a 

; - boat down the river unless he ‘ate been over it recently so as to be‘ “posted” 


as to its changes. 


OE - 


Young Willows 


which line is also thread of channel. line ma 


From Race Track Townend Lower Light to Race Track Chute Light, 1034 feet. 
The above marks take you down t to Fight ot two red buoys and toleft of one black buoy. 


CONVENTIONAL ‘SIGNS 
Light Thread of Channel 
£ Vicksburg Gauge 15 ft. Falling 


Knather disadv antage of a a dredged | channel Ties the physical 


impossibility of ensuring, with any reasonable number of dredges, that 
channel of project depth will always” be maintained. — Ordinarily, by means Ss. 
a of timely surveys and forecasts as to changes in river regimen, an attempt 


ih. is made to anticipate difficulties by making dredge cuts before the critically 


7 


low stages are reached; but when the r river falls rapidly, so many shoals may 
7 develop | simultaneously that the entire ‘dredging fleet may not be able to give 
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Another serious objection to the present project lies in the 
@ channel. _ For the old-time packet-boats a channel width of 250 ft. was 

perhaps sufficient. The situation has entirely changed with the advent of 

the present type of towboat and barges. (See Fig. 8. S) The normal to tow for a * 

7 ‘side dimensions | of 135 by 750 ft. The he Standard ( Oil tows are even n larger. es 
when such a channel is straight and parallel with the current can it be 
regarded as affording adequate width. In the occasional sharp bends (see 
‘Fig. 9), curved channels ( (Fig. 10), or ‘those with the current running: obliquely © 7 " 

| = channel, so as to require “flanking” on the part of navigators, the 
channel becomes hazardous in the extreme. 7 In such cases, the pilots of large Po 

tows usually resort to “double tripping, involving great loss of time. - ome 
SIZE OFM MODERN BARGE TOws iS 


' 


STEAMER KATE | ADAMS 


——176' 0° —176' 0"— 


_—s SPRAGUE WITH TOW OF 56 COAL BARGES CS 


IZES OF OLD PACKET-BOAT AND TOW OF PRESENT Day. 


ae 95 is a map of the Mississippi River at Hales Point, 137 miles below ey 


airo. utd The following description of channel aon refers to this diagram: 


“At from 50 yd. Point. ‘Light to target half above 
Hales Point Light. This takes you 75 yd. to right of red buoy and 100 yd. 7 
| to left of first black buoy and 25 yd. to left of second black buoy, 13 ft., one 
_ cast until from Tennessee Point opposite Island 21 to tin roof barn 250 yd. ; 


= target, 15 This takes you to left of third black buoy.” S. baoait a 7 
10 i is a map of the Mississippi at Corona, 204 miles Cairo. The 


corresponding channel marks a are described follows: 


attempt From head of white sand below Massey light below 
_ ‘Upper light, 133 ft. Down this way till from 150 yd. below Corona Bar light — 


rritically 
ogee 2 to Corona lower light, 15 ft. The above marks take you down to right of 
two red and left of four black the red buoys.” 
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Light Thread of Channel 
Red Buoy Black Buoy 4 
1000 2000 3000 4000-5000 
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This ‘is need of additional channel width by 
the Commis a, anda approval given f n for a moderate increase in width, which 


can be accomplished with the present ‘dredging plant. The dredged cuts. 
since early in the 1927 “season have been not less than 300 ft. wide. od 


The > question o of additional depth | is also important, although not pressing» 


at pr ha : the 9-ft. project depth ides with that for t] 
t present, inasmuc as project epti conc} es wi t at or t 
ections of river up stream. _ However, for a river with an average low-w water 


depth of 30 ft. or more, a 9- ft. channel hardly seems a permanent s solution 


om m the viewpoint of ultimate economic development. 
These’ comments s are not intended disparage the present ; method of 
channel maintenance by dredging, which has served navigation well, 
/ which must continue for years to be its main reliance; but ‘it is well to face 
frankly existing limitations. Twain tells of a one Stephen, 
when low of funds was induced to make | a trip at a rate just half the regular 


of per month. ‘The owner’s satisfaction at bar ain “was: 


shaken when he observed Steve steering the boat up stream “against the 
part of the current, taki ing the longer way around the bends and 


other boats to pass. His remonstrance was met by the ‘reply ‘that 
the other b boats were handled by $250 pilots, and that he, , Steve, knew as much d 


as any man po afford to know for $125. With its dredged channel, the 
iver has doubtless served as well asa $600 Tiver knew how 
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all, such a channel remains at best somewhat of hand. to- mouth 
solution, a Precarious: s foundation for | a substantial commerce. 7 Some e day the 


CONVENTIONAL SIGNS = 
Re Light Thread of Channel 
Buoy Black Buoy 


_ Memphis Gauge at Mean Low Water 3, > 
ta «Memphis Gauge 15,5 Ft. Falling 


910002000 


_ Middle Mississippi (between the mouths of the Missouri and the Ohio). This - Lu 
of the river has under improvement by regulating works for 


au 


2 many years, . the first general project for its improvement having been drawn 


: “up in 1872 . The ; present project, as reviewed in . 1926, provides for a channel 
7 9 ‘ft - deep and generally 300 ft. wide, widened at the bends, with such supple- 
_ mentary dredging a as may ‘be necessary.’ * As a result of long experience, and 
after testing. many types of ‘structures, the ec completion « of these works i is now 
= carried out on a thoroughly tried basis. ‘The bank- “protection works 
5 } similar to those developed. and used on the lower river. | For contraction 


of the channel, reliance is mainly placed upon timber-pile permeable dikes. 


Where these dikes are ‘subjected to abnormal r river ‘erosion -channelward 


end is made up of heavy concrete piles. es. An accretion n is built up by 


such a dike, resulting substantially i in a new bank line. (S (See Fig. 11. he 
--Tesultan nt contraction of the channel has brought ‘about a marked ieee 


tudies have indeed been shaige of such a project for the Lower Mississippi, — 


ooh which is believed to be entirely feasible, , given sufficient time a and funds. 
much 


see a progressive treatment over a long period, regarding the 
nel, the =e - 


i> cb 
H. 69th 2d Session, Review of the for Improving the 
“Middle River.” 
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“NAVIG ATION AN D FL ¢ ONTROL 


yer as a consecutive whole, shaping its banks with car 


and giving time for the river to respond. A great advantage of ee ips 
river in this respect lies in its large minimum discharge, and the moderate 


degree o: 


egree of amelioration required, compared with what might be attained (and 
which may some day | be eave) 5 that i t is, the degree of contraction required 


would be com arativel small, 
‘The structures themselves — have to be made ‘somewhat larger and. 
sturdier, on account of the greater dimensions of the lower river. - These struc- 


tures: would not be confined to any particular existing types, but would utilize 


‘the types emerging from m experimental development work. One promising 


2 
type which has been used extensively on the J Missouri River | is s the retard, 


‘similar to the Brownlow “Weed of Indian and the c old abattis type on 
An 


wantienis streams. _ It consists generally of a series of spur r dikes of built- -up 
trunks deeply anchored by concrete piles (See Fig. 12. It is” used 


: both for bank protection and channel contraction, and is now being tested 


the banks, the been found that spur- be 


constructed effectively and cheaply of sand and gravel, with ¢ a ‘capping of 


brush “mattress weighed down with stone. Their success suggested the trial 
of this type of dike on the lower river, where on account of different soil 


conditions it is of far more limited application, 


Such a a . plan of regulation | (which would be in fact a return to the Miss- - 
oe River Commission’s early policy) would provide a channel distinetly 


‘superior: to that by dredging alone, in width, in depth, in shape, 

ZS in permanence. — The great cost of complete 1 regulation doubtless renders 


it out of the question in view of any present : need. . Iti is noteworthy, however, — 


) %* ‘that t the bank protection required for a comprehensive plan of regulating the _ 
Lower Mississippi is estimated to ‘cost no less than four- fifths the total cost; 


the contraction works necessary for channel improvement comprise the re- 


maining ‘one- fifth. These works of bank protection, moreover, are necessary 
for flood control and soil conservation and navigation alike; they are, in ‘fact, 


_ the basic element in any sound plan of river improvement and control. ie Thus, 


: bank protection is the great common factor involved in improvements for 
Py navigation and flood control. _ The river must be fixed at its critical points— — 


-_ ieee the caving bends—before any permanent works, including river terminals, are 


Bo possible. Fix it in whatever shape that is decided upon as best, but pin it 


down somehow, somewhere. After that, contraction works may be built that 


Be om will “stay put”, if made vilidiaeiia’, ; In the meantime experiment will have 
- developed the best and cheapest | types ¢ of structures, both for bank protection 


and ‘contraction. willow mattress ‘developed and ‘successfully 


many years 1 vetment, | is gradually being superseded by the concrete : 
- mat, of which two distinct types | have been evolved, both with much promise. — 


See Fig. 18.) | Other types of structures being tested for various purposes — 
of bank protection or channel the retard and 
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NAVI IGATION AN D FLOOD CONTROL 


Navigation Daub has already been suggested, it can 


be confidently _ expected that a “complete system of bank protection, he 
r not followed by contraction, will materially improve the navigability of 


the Lower Mississippi. . This will be due 1e partly to the exclusion of much. of the 


enormous mass of eroded material from the ‘eaving banks, and partly to the 


won 


greater stabilization of regimen, resulting from fixing the river in the concave 


Under the present program of operations, only ; about 6 1 miles of bank was” a 

a pr rotected by new work during the fiscal year « of 1927. i This is less than 2% 
of the total amount of bank that will need protection within the next decade. = 

In view of the fundamental importance of thi this work from every ‘Viewpoint, 1 it 7 


is reasonable to suppose that with | more adequate funds the present program - 

of operations ‘will be largely expanded. 

In this important and extensive program m of bank stabilization, there will” ‘ 

- need for the most careful planning to forward the interests of navigation - —_ 

as well meet the | pressing» flood control. the ‘relatively 
4 small amount of bank protection that ai been completed, much of it of an . 


"emergency nature, it has not always been to locate 1 the work ‘80 


‘the will: lost to utilize to the maximum the bene- 


ficient effect of bank revetment upon. the: regimen of the stream. ‘This will 


mean that some banks will be permitted to wear away before’ protecting them, 


7 that others will be Te- -shaped to a flatter curvature, that, in short, all work 


done will be i in 1 conformity with, and contributory to, such a plan of dena 
regulation as may ‘some day be warranted. an 


Influence of Floods on Navigable Channel. is noteworthy that the 
worst flood-years are also the most difficult _ years for navigation. _ Thus, the 


most troublesome s seasons for the last years have been in 1922 and 1927, 
flood-years. ~The obvious reason is that the abnormally high stages 


result j in building up the bars to an unusual | height (the sate of bar- building ee 
being often half as great | as the rise of the river itself). When the river 
es eventually on and especially ‘if that fall be rapid, the — not im- 
mediately ‘cut out” a new channel through the bars, but leaves them at 
higher than ordinary levels. In 1927 it was necessary to commence dredging 


1e ¢ till 15 to 20 ft. 


above mean low water, about ft. than for the average year. 
Moreover, ‘the occurrence of crevasses naturally tends to cause 
‘tion in the channel below the crevasse. Instances of this are numerous, the 


most obvious evidence of this: kind noted in 1927 being at J ames Bayou 


Crossing, about 10 miles: below the Dorena ‘crevasse. ‘Whereas no dredging 
been ‘required over this entire reach for many years, already this season 


it] has been. necessary to dredge 1 twice at this point. ? _ The more complete con a : 
and alleviation of floods would diminish such navigation difficulties. 
Regulating Works upon Flood Heights. —It might be ad 


regulation, that contraction works, boing in 
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NAVIGATION AND FLOOD CONTROL 


_ one sense an eave in the bed o of the e river, , would d have the effect of 


he eu 
"raising flood heights. Iti is well established, however, ‘that they have no > such 


_ detrimental effect. Such structures are usually low, and the diminution i 1 


‘ae 


 eross- -sectional area which they cause is offset by the increased scour in all 
At the International Congress of Navigation in 1900, the 
op 


inion was ‘that flood heights had been reduced upon such rivers as had been — 
fully regulated. The matter is naturally | difficult of absolute proof, but this 
accords with the reasonable hypothesis: that with the caving banks completely 


protected, the rising river finds less material with which to build up its 


tae 
bars, and, therefore, maintains a better high- wine channel, tending to draw 


off the floods more rapidly and to reduce flood heights. 
avigation and Spillways. —It doubtless: true that uncontrolled outlets” 


or diversion channels would be 1 very harmful i in their effect 1 upon the navigable a 
channel, comparable to that of crevasses just mentioned. From this viewpoint 


: ‘the general theory as to the advantages of contracting the flow in in a single 


channel is unassailable; but it is significant that the spillways or ¢ diversions 


7 proposed for the ower ‘Mississippi contemplate long overflow weirs, with 
their sills fix fixed ata level which will 1 not affect low or medium stages, so that 
the spillways will operate only when. relief i is needed from excess flood waters. — 


WwW ith such spillways, navigation, it seems, can have n no serious aa er 


gals 


‘ech’ case must stand on its own ‘merits. 


= ‘The studies as to possible reservoir effect’ now under way are being made 
Lt primarily from the v viewpoint of flood control, and navigation could el 


expect only § such incidental benefits therefrom as would be i in | the nature of a 


"hate given, except the statement that if all ‘the : reservoirs rs above Cairo sl 


far ‘studied “were built, they would low-water flow below that 
— by an amount estimated at 150000 sec-ft. for a period of 6 ol 
_ which would about double the low-water flow, and greatly diminish the dredging 


great cost of such a a system of 3 reservoirs, he however, swonld probe 


. the w writer has" been interested in noting the remarks by Messrs. Chittenden, - 
Grunsky, and Townsend, as to shortening the ‘Mississippi. late General 
Chittenden thought ‘that the river below Cairo. might be e short- 
ened from 125 to 150 miles, or about one-eighth of its length; that the real : 
- difficulty in shortening lay i in the damage to riparian in interests ‘rather than 
in the disturbance to the regimen of the river. More radical “programs < of 
shortening» and straightening have also been proposed, some of which go 
so far as to a mammoth straight ditch with concrete sides. _ The The effect 


‘ 
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of “improving” i in the sense of thus straightening a stream for 
poses, was also discussed a paper presented by L. Sherman, M. Am. 


Soc. C. E., to the Western Society of Engineers, in 1923. 


With the effect ‘such a program of shortening on flood control 


3 is that of interference with navigation. appears to the 


Thirty miles above Memphis i is situated Island : 35, which | divides the river 
ahacat equally i in two. Of late years the main current, w which has long gone 


the more devious way around the bend, has been tending more and more to 7 
take the route through ‘de inne, shorter by + or 5 5 miles. _ Early i in the season 


1927, the Dredging District dredged as hitherto in the bend, , with little © 
‘success as to ‘securing a channel which would open. Later, when 


ch el was plainly playing out, a dredged cut was made in the chute, supple- 
‘mented by snagging operations. With some initial difficulty this channel has 


= maintained, and the boats. are running there now with increased facility. 
‘The criticism that the river had been shortened by causing a cut-off was of 


course: unjustified. river itself had gradually selected and improved the 


tb way, and the dredging was merely a ‘Tecognition at the nae time of 


ih ‘this case navigation readily adapted its itself ‘to the mildly shortened 
channel. The pilots of the big river tows, 8, in fact, , usually prefer (where there 


the shorter and straighter way; nor, do the straighter reaches, 
on the whole, give greater ‘maintenance di ifficulty than the crooked ones. ~ 


similar ¢ case in point is that 0 of Racetrack ( Chute and Reid Bedford Bend, south, wil 


ise via ein, 4 the alia path through the chute, which is a mile or two 


; - shorter than around Reid Bedford Bend. It is worthy of note that the  swift- 


est current in this s vicinity i is found i in the point of the bend where the c chan- 
nel is quite “narrow. | It is not the average current that hinders navigation, 
| _ but th the swift current at some particular: spot, as in climbing a reef or nego-- 
 tiating a sharp turn. The average slope below Cairo i is less than t two-thirds | 
that for the St. Louis- Cairo Section, and both slope and average velocity 
might be somewhat increé ased without detriment to navigation, in the writer’ r 
opinion, if attention were paid to the « critical points. 
‘Suppose, for example, by. encouraging every tendency of the main 
fi channel of the river to take the shorter way, as in the two c cases ‘mentioned, — 
proved feasible to gain 1 wile 20 ‘miles, or a a total of 
3 50 miles. . or course, other critical points would have to be strongly held to 
ent a corresponding lengthening | of the channel elsewhere ; this should be 
feasible with an expanded program of bank revetment, t, with which ‘program 
the sho: rtening would go hand in hand. 7 ‘Such a moderate pro program of shorten- a ; 
ing x would have better chance of success than a radical one, and would not ea 


require the same sweeping and difficult : adjustments. Naturally, at flood stages af 


Flood Journal, Western Soc. of Engrs., Vol. 28, 1923, p. 293 


ie “Experiments on the Effect of Upper Channel Improvements upon the aan 


However, among the weighty objections advanced 
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writer’ point is not to that. is but 
to suggest that the treatment of t the navigable channel, which in general — 
departs from the natural re regimen as little as practicable, v would probably adapt 2 
itself without detriment and perhaps with benefit to whatever moderate _ 

gram of shortening might prove beneficial from a a flood- ‘control and drainage 


+ Dredging and Flood Control.—In addition to their normal tasks connected 


with the navigable channel, the e dredges of the Mississippi River ‘Commission 
shave served 1 more directly the « cause of flood control. _ During the past ‘several 


side pite “blue. holes” "(thus making le levees more e secure) and i in n construct: 
‘sand, naturally ¢ on a somewhat flatter. slope than the ‘standard 
cross-section. The task of closing the great Mound crevasse is about one-half 
dredging proposition, and ‘the dredges there have now completed three- fourths 


of their task ahead of the e original schedule ‘and at a cost greatly below the 


bids | received in response to advertising. (See Fig. 14. ‘Thus, for any pro- 


of levee enlargement or reconstruction, the plant designed to benefit. 

~ navigation has proved : its ability to serve as well the needs of flood control. 


of navigation and flood control are quite different problems. 
The former is chiefly concerned with the stream at its lowest stages. oe The 
latter has to do with flood ‘discharges thirty to forty times the minimum dis- 

charge, and a materially different channel. Flood control seeks to prevent the 


river from being a destructive enemy ; navigation wants it improved | in order d 


me nan these differences, navigation and flood control have much i 


stabilization is urgently nee needed for flood and will greatly benefit. 
S 7 navigability of the river. In this and other ways, by finding a solution to 
vast flood-control problem, it will be feasible at the same time 

the cause. of navigation on o1 our largest. inland 
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‘FLOOD PR PROBLEMS: AT NEW ORLEANS, 


7 FLOOD PROBLEM OF NEW ORLEANS, ‘LOUISIANA A 


By MarceL Garsaup,* . Am. Soc. = 


The flood problem of New Orleans, La. , an 
which it is susceptible. In order ‘to have a comprehensive understanding: of 
situation one should familiar with the topography of the city, and 
should have an intimate e knowledge e of the | present status of New Orleans as > 


a city, and of its commercial importance as a seaport. a i ae 


ac 


Phe ew Orleans is co- extensive with Orleans having an 
area of 196.2 s sq. miles, | of which 19.7 ‘sq. miles are on the right of the 
Mississippi River. The densely populated and highly developed portion 
the city has an area of about 40 sq. miles, a1 and lies i ina ‘great crescent- shaped 
bend in ‘the river. Lake ‘Pontchartrain lies north of the city, the distance 
from lake to river ranging ng from 4} to > 7 miles. Lake Borgne, : an arm of a 
Gulf of Mexico, lies to the east of the city. Fig. 15 shows the relation of New a. 
Orleans to the water about it. Seve eral canals extend into ‘the 2 city y from Lake 
The Inner- Harbor Navigation Canal, with a lock. the 
river end, connects the river with Lake Pontchartr: ain. 
Except : for a narrow strip of high ground along the Fiver bank the ground 
jin in New Orleans varies in elevation from about 2 below to 8 ft. 
above Gulf level. (16s shows the topography of the principal part of the 


city. (The contours are referred to ‘Cairo Dat ‘Datum. - The mean Gulf level i is 


equal to 20.48 ft., Cairo Datum. oe 
i The river at the Carrollton, La., gauge, located at the upper limit of New 


Orleans, ‘fluctuates from slightly about 21 ft. above, Gulf level. The 
; range of fluctuation would have been increased by the 1927 flood had not the 
— levee been breached at Caernarvon, a few miles below the city. - The normal 
elevation of Lake Pontchartrain i is about, 0.3 ft. above Gulf level, but 


ft. above Gulf level. Levees of very liberal section, with elevations 
of 10 ft. above Gulf level, . should provide ample protection | against flooding — 
from the lake. 
Te of the City of New Orleans against of the Mississippi 
River, however, presents an entirely different problem, toward the solution of ey 
Which years of study and effort have been devoted and large sums of money 
been n spent. river at. has a width of from 1 + 
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_ 8 400 te ‘and a depth at high water of from 86 to. 194 ft. The 1 maximum ¢ dis 
- charge measured at Carrollton prior to the flood of 1927 was 1358 000 sec- ft. 


and occurred during 1922. The velocity of the current at the minimum 


tion for that t discharge was ‘7.8 ft. per sec 
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Up t to 1924 the protection provided for the City of New Orleans : ‘agains : 
‘floods consisted of leve ees built to a “se established by the Mississippi River 


record. "The section the City of New and followed, except, 

¥ in particular instances where’ * expediency requires modifications, has a crown 

| width of 50 ft., river- -side slope of 1 on 3, and a land-side le slope’ of 1on10. 

biel The’ river banks of the City of New 7 Orleans have be been g given over to com an 
ioe and are lined with modern, t up-to- date wharves, docks, sheds, and wa ware- 

. On the east bank of the river, out of | 12 » miles of river bank, T tin 


ey 


| 
&g 
— 
— 
| ] Ag 
4 

Z { _ tection, but which would have a land-side slope sufficiently flat to permit of | —_— 
» ae . easy access to traffic serving the wharves. In 1924 the Point a la Hache Relief _ 

7 to traffi the wk In 1924 the Point 4 la Hache Relief 

Outlet, which will be described later, was authorized. 3 AS 
levee grade established by the Mississippi River Commission in 1914 

4 
as. 4 


as in 1914, and ‘the! State known as the Dock Board, which 


Gail u 


is charged » w ith tl the construction and operation of the port facilities, i is under- 


t taking the reconstruction 1 of its obsolete wharves to Commission grade as its 

The value of port ort: facilities of New is estimated at about $100-, 


000, w ith outstanding bon ad issues | ‘more. than wd 000. Port 


Steamship lines have s: Hea Orleans to every ‘port of the 
and with the of the inland waterways, and particularly of 


the terminus of all the commerce and of the V alley. 


The three greatest floods of record passing New sides in point of vol- 
=——_ ‘those of 1882, 1912, and 1927 i. ‘These floods can be classed as 


“super. floods”. "The floods of 1897, 1903, 1908, 1913, 1916, 1920, and 1922 7 
were large floods; and many floods of ordinary magnitude 


heights have been at New w Orleans for a great “many 


Pad basins. ~The 1922 flood reached 21.3 3 at the Carrollton gauge, as against 14. 95, is 


for ‘the flood of 1882. his q quite e naturally brought 1 up the question of: raising 
the levee grade on the lower | river, and of the limit of height to which levees 
on ean be built on the soils in the vicinity of of New Orleans. . It has been observed | 
oJ ins several localities, and particularly i in the territory in and adjacent to ‘New 
a Orleans, that levees have settled or subsided, and that there is a certain point | 
5A of. equilibrium beyond which height it is not safe to construct a levee. An 
examination of the levees that have settled brought some engineers to the con- 
~ clusion that a grade of 25 ft. at Carrollton is about the limit to which the | 
levee can set in if a reasonable margin of safety a as to. 
study of the 1922 indicated that much gronter floods might occur. 
of | lowering. flood heights and thereby limiting the height: of levees. The lower- 
ing effect” of. -_erevasses that had oceurred during previous floods was 


and conclusion was reached by a large of technical men 


ence opinion then o obtaining ‘among engineers regarding 
ways, the recommendation w was not carried into effect. 


. 


* 


now covered over by these structures. A great majority of these struc- 
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construction of a spillway a few miles below the city to discharge into ake 
the effect of spill- 


NEW ORL EANS, L: A. 


eae Board to construct a relief outlet | on the left bank of the river below _ 
Point a la Hache, Louisiana. iy The writer was then Chief Engineer of the a 
Orleans Levee District and was charged with the re responsibility of reporting . 
on. this project. _A favorable recommendation suggesting a justifiable expen-— 


-diture of $1 000 000° 000 was made. It was estimated that by completely 


_Temoviny ring 11 miles of levee miles below New. flood heights 


“like that of 1922 would exceed 250 000 sec- spe 
The Point a la Hache Spillway was constructed at a cost of 
observations taken during the flood « of 1927 substantially confirmed ‘the i ideas 
of the writer a as s expressed in his report to the Orleans Levee Board. The 
curve in- Fig. 17, indicates that the stage at Gniediien. was 0. 8 ft. lower a 
than it would have, been ¥ without the Point a la Hache outlet. The writer 
Bs the construction of this’ spillwa ay ‘not o only to relieve flood heights 
at New Orleans, but also to ) provide an opportunity to make observations and _ 7 
to study 1 the effect of spillways. 
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ANGOLA-CARROLLTON GAUGE RELATION, FLOODS oF 1922 AND 1927. oe 


closely — ‘The | Orleans Levee Board in close co-operation with the Mississippi River ro 
al men Commission made the necessary observations during the flood of 1927. The . _ 
reli f, } 
_ relie discharge of the Mississippi River was taken at sections above and below to 
jed the determine the discharge through the ¢ gap. This work was done by the forces 


of the” Mississippi River Commission. ‘The Orleans Levee Board established 


| ‘gauges in the bays at the Gulf end of the outlet and observed them through- a 
~ out the flood. rf All these data were furnished to the Federal Spillway — 
‘a About the middle of April, 1927 , when the : storms that produced the great 


aii, 


flood were occurring, the Weather Bureau stage of 24 ft. 
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FLOOD PROB LE} AT ORLEANS 


= "The engineers ‘and business 1 men of New were an 


imminently: dangerous cond unless r relief 


b cernainere come ne through a a natural crevasse, such as occurred in 1922, emergency © 
action would be necessary. As a result, the left bank levee was breached at 


Sane about 22 miles down stream from the Carrollton gauge. . The dis- 


an charge through this gap was approximately 270 000 ‘sec-ft. and the lowering 
effect at Carrollton about 24 ft. i The Caernarvon break not only gave effective 
protection to the City of New Orleans, but restored faith in the security of 


the ci city as well. In addition, ‘it gave another opportunity to make observa- 

tions s and collect more data on observations were also” 


Jeane may | be more readily understood when presented. The Send: ‘problem 


of the lower valley ¢ consists of t the necessity fo for flood- -protection © works of per-- 


F manence, adequate not only to 10 protect this part of the vs valley but also to pre- 
“ serve the integrity of New Orleans as a city and as a ‘port. . New Orleans has 
a population « of more than 400 000 and property values of ae $1 300 000 000. 


i Tt is estimated that the maximum rate of inflow at the latitude of Old 

. ; River (mouth of Red River) during a a ‘flood like that of 1927 would be about 
2500 000 sec-ft. under confined conditions. the Ohio River System was 
only in moderate ‘deid at the time it is possible : for a flood to occur that would 


be considerably | larger don that of 1927. For this reason the greatest possible 


Jaa inflow | is assumed at 3.000 000 sec-ft. at at the latitude of Old River. The Lower 


y=  ‘Tensas Basin forms a reservoir just above Old River in which a ee ae 

tity: of water is stored during floods. For this. reason the maximum outflow 


=, 


below Old River may be t taken somewhat Tess than the inflow, « or, say 

ven to the casual engineer observer it is obvious that the. 
 ‘Betin i is the logical place through which to discharge a large part of the excess 

flood waters. is ‘suggested, therefore, that this b basin be converted into a 


- floodway by by. removing the levees at its upper end an and building side levees to 
the flow ‘throughout the 4 full the | basin. For the 


trolled ‘spillway of 350 000 sec- -ft. pn would be built on the left bank at at 
Bonnet Carre to discharge ‘through Lake Pontchartrain. a. This would le aan 
1 450 000 sec- -ft. to pass New Orleans. 
‘Under p present conditions, and with levees holding, this flow would eae a 
2 stage of not less than 22.5 ft. on the Carrollton gauge. Such a stage would | 
not only ‘endanger the city, but would seriously interfere with ‘the commerce 


the port. should therefore be built at the Caernarvo 
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FLOOD PI PROBLEMS AT NEW ORLEANS, LA. 2 


of 2501 000 ‘sec- ec-ft. and would lower flood heights at New Orleans about (2 ft. 7 
such a system of spillways the stage at the Carrollton gauge ‘could nd be 
held to 20 ft. under the extreme conditions assumed. 
PERATION OF ROPOSED PILLWAYS 
The “Atchafalaya floodway wo’ would be uncontrolled and would operate. during 
Il floods rising above bank-full stage. In addition to lowering flood heights 
at and below Old River, it would | give a corresponding relief in the Lower 


Tensas- Basin, and would afford gradually diminishing relief in the | 


for a considerable | distance up stream. 
‘ ‘The other two spillways- would be of f the controlled type and would be 


‘eel only when : necessary to prevent un unsafe or undesirable conditions. Tt 
alge to raise ‘the levees as far down stream as 


n 5 ft. for 


such large floods as oceurred i in ‘the past. — 


‘spillway at the Caernarvon site will “jnerease: velocities along the 


New Orleans front by reason of the water passing the city at a . lower elevation. | 


| this reason the of the spillway is limited to 250 000 sec-ft., ar and 


spillway built : as | a _ controlled type 80 . that the amount: of diversi nn 


version may be 
regulated at at all times. ‘Vel elocities of about 8. 8.5 ft. per sec. occurred at the 


‘smallest sections of the channel through | the ¢ city during the flood of 1927. 
‘Higher velocities eee not be > permitted in the future. Recent soundings 
taken 1 along the harbor front show some scour, which is sufficient indication 
that greater velocities that occurred during the flood should 


of course, none of which presents unusual difficulties. Fig. 18 shows tentative 

details of a spillway | suitable for both 1 the Caernarvon and Bonnet Carre sites _ 

as designed by Roger B. MeWhorter, M. Am Soc. C. E., Special “Engineer 


Bonnet Carre spillway... 
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[ Papers. 


| jf, Although the writer has not made estimates of the cost of 1 raising levees on x 


the lower river for a project that does not include spillways, it is believed that 
‘an expenditure of more than 1 $100 000 000, would be ‘required for all levee q 
work below Point Breeze, exclusive of that in the City of New Orleans. An 

estimate was made recently to determine the probable cost of raising t the uly 
and octane city ‘to conform to the levee grade necessary if spill- 

ways are ‘not used. The estimated cost of this work is $40 000 000. The writer 
' thinks’ it is clear that spillways are not only necessary and desirable, , but ‘that 


they will effect a large saving in cost as 
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18. TENTATIVE SPILLWAY DESIGN, ‘CAERNARVON SITE. SAME ‘TYPE OF STRUCTURE 


FOR BONNET CARRE SITE. 


solution that has been given contemplates, of of that the re 

of the river banks will not only continue but will be « carried forward ata Bins 

Prope 

T 

unmo 


main river channel below a as a of silting. 
- = Fig. 17 plainly shows the effect produced by the Point a la Hache outlet t and 
: the Caernarvon break on the flood height at Carrollton. . The Poydras « crevasse 


, a mile or so up stream from Caernarvon, produced practically | the 


in state, the channel of the ‘Mississippi was 
not nearly large enough to carry the flood flow and the water af 
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the valley. Then, beginning at New Orleans in 1718, the low system, was 


* built, most of this work having been done during the last fifty years. The 


delta basins were closed off and the river was confined between levees. < 
Those » who favored “levees « only” as a means of flood protection on the | 
Lower Mississippi, as against levees supplemented by spillways, claimed that 

the « nfinement of the river would cause ‘the channel | to be be scoured —— .. 
and deeper, and that flood heights would be lowered as a ‘result; . but such has 7 


not t been th the case. Cross-sections of the ‘iver shave been taken from time to — 


en 
since the ‘Mississippi River, Commission was formed, but they show 


Crevasses have occurred during every large flood, and these diversions 
the same ‘effect | on the regimen of the river below as z a spillway. The writer 


submits that the channel of the Mississippi River has “neither enlarged as a 
result of confinement: between levees, nor silted up as a ‘result o of crevasses. 


Ts Flood flow has little effect i in ‘the determination, of the regimen of the river. 


is some intermediate flow, below bank-full stage, ‘prevailing for a consider- 
proportion of the time, that determines the regimen. Changes" in ‘the 
channel since man began to Hi notice of it have been less than the error 


of measurement of cross-section. 


There are ample economic for the expenditure of public funds 


in sufficient amount to construct complete and permanent flood ‘protection 
on the ‘Mississippi River. recent estimate places the 1927 3 
damage in Louisiana at $81 000 000. _ For each | 20- -year period in the future _ 


one | great flood, comparable to. the greatest floods of the past, and three other be 


large floods, may be expected to occur. . Placing the damage - for the one great 
flood at $81 | 000 000, and the damage f for the other three floods at $15 000 000 — * 


Maina 


each, the calculable loss in. ‘Louisiana during a a 20- period be 


— The loss to Louisiana, due to the fact: that investment capital would cer- 
lose faith in the valley, would p probably be, several 1 times that 
revetting amount. % There can be no doubt of ample Justification for the expenditure of | 
ard at more than $100 000 000 for flood protection on the -mile stretch of river 
ee a “below Point Breeze. There i is a broader view, Sekedine than that based solely — 
on economic returns. flood problem of New Orleans ‘and the lower valley 
involves preservation of human life, as_ well as billions of dollars o of 
amit that _ The spillways suggested herein, especially the Atchafalaya Basin floodway, 
0 beli eve will restore to the 2 river some of of f the characteristics it it ‘possessed when it a 
of ejlting- unmolested ‘and unhampered i in its natural state, | prior to the time of levees -» 
d } Which x man found necessary to build to reclaim valuable lands. ee 
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SACRAMENTO VALLEY FLOOD- CON TROL 


RELIEF. OUTLETS AND PASSES OF THE 


TO VALLEY FLOOD-CONTROL PROJECT 


‘The Sacramento River, throughout large portion of ‘its: course from 


“Suisun Bay, flows ‘which are ‘considerably. higher ‘than 
a adjacent valley land. The channel dimensions of the ‘river are in places 


= 


= 
of 3 river, more than 60 miles ong, where only shout one- e-cighth of the water 
at such a flood s stage flows in the river. The remainder, under natural 


conditions, over the bank into the ‘flood basins which paralleled the 
river. The flood- control. ‘ol project, taking scsount of these physical 


also, selected a areas between so- called by- -passes, to to which 
: outgoing water is confined and in which it is carried down the valley to a : 


an 


-entry into the river at ‘points below which it has larger” ‘capacity. The 
. io application of such relief outlets and by-passes to the flood control i in wal 


mento ‘Valley i is here described. sii 


The Great Central Valley of California is a | depression about 400 miles” 

lying between the Coast. Range on the west and the Sierra Nevada 

4 Mountains on the Th The northerly portion of this valley is known as 


Sacramento Valley. northerly apex of the Sacramento Valley is at Red 
a ‘Bluff, at which point the valley begins at once to widen < out, attaining and 
is 4 holding a width of about 30 to 40 miles throughout the. lower half of its 
north and south extent. The Sacramento River e1 enters” the valley at its: 

; 7 northern apex coursing down a little west of its center and discharging int 
the waters of San Francisco Bay. (See Fig. 19. 


Tn its meandering course through the valley the r river has” a total length 


of about 250 miles. Its fall from Red Bluff ff to the Bay is. about 240 ft. at 
its low- ‘water ‘stage and few. feet more at its high- -water stage, because 

the rise at flood ‘is about 10° to 15 ft. more at the head of the valley than 


¥ ~The Sacramento Valley has a total ‘surface extent of about 4 250 84. 
ie miles (2 720 000 acres) ‘of which the lan nds, which under natural conditions 
a : = subject to flooding and to occasional overflow during freshets, | comprise 
about 1.000 0 000 acres, or nearly ‘40 per cent. % ‘Three- fourths of the lands whieh 


"were thus subject to periodical and to occasional submersion by river and 
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high: water there was an over- -bank spill from into basins 


on a falling ‘stream water ‘returned therefrom to the stream at a number — 
of points through natural drainage channels. The basins” had thus become 


g basins and had the effect of prolonging the high 
or flood stages of eee river, thereby | effectively and very materially holding 


down the river’s peak discharge during flood conditions. "al 
River, 
This will be better “understood from a brief deseription of ¢ the original 


condition of Sacramento River in its course ene hentai the ‘Sacramento Valley. 
At the head of the valley the river h has an 1 apparent aggregate drainage area, — 
vn Be indicated by topographic. features, of about 9 900 sq. miles. This area does = 
not include about 1500 sq. miles of territory in the northeastern’ portion | 
of California and in in Southern Oregon, to the northward of the river’s 
visible drainage basin, from which there is supposed | to be an underground 
flow ‘southward, with discharge through springs into tributaries of the Sac: ra- . 
mento | River. ‘However, it does include the secondary Goose e Lake Drainage 
Basin with a a -water-ched of about 1300 miles, of which a a portion is 
Southern Oregon and the remainder in the extreme northeastern part of 
California. F Pit River, as the main upper branch of the Sacramento River is 


- called, received the occasional o output of water from the Goose Lake Drainage ~ 
Basin. This basin almost takes rank as an interior basin, because a long 


period has intervened since there was any outflow from Goose Lake into 


River. r. The last notable outflow of which there is any definite record 
occurred in 1868. The ‘rainfall in the water-shed « of Sacramento River above 


_ Red Bluff varies from an average yearly minimum of about 15 in. on the 
northeastern plateau of California to upward of. 60 in. in the: vicinity of 


Mount Shasta. In high gusting of f the water- hed, at Feather ‘Rive, a Sierra 


Nevada tributary, the mean annual precipitation of rain | and snow reaches 
80 to o 90 in. A large portion of the water- -shed of the Sacramento River is” 


‘composed. of porous» -voleanic material into which rain and melting snows 
‘sink rapidly, feeding extensive natural and underground storage reservoirs 


from which there is at many “points a large” outflow in sp springs. | 


have a fairly constant flow throughout the year and, consequence, 
are the principal | source of the large low-water flow of the Sacramento River. — 
under natural conditions, about 4000 sec-ft. at Red Bluff. 
eas pi The flood stages | of the | Sacramento | River result from winter rains. There 
practically y no “precipitation from to September, inclusive, which al 
would produce ‘material run-off. i in the winter however, and 
ould aot a warm ‘rain falling v upon snow, may in a few days cause the 
b's riyer at Red Bluff to rise quite rapidly from very low stages’ to the highest. 
i o The ordinary v winter flood stage at that point is about 22 ft. above low > water. 


at the river's extreme high stage its peak discharge 


may as 970 000 sec-ft . When the river is i in flood the e extreme 
be at the ‘head of Sacramento Valley’ does not: persist ‘for any great 


The peak discharge a at an ordinary high stage of the ‘river at Red Bluff is § 
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natural conditions the river ‘in this” stretch could carry “only about 20000 
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length of time. The river ordinarily ‘rises rapidly to maximum 


and then its flow in a comparatively short to a 


From the head of Sacramento Valley to Stony Creek, in a length of 
Be 58 miles, the river has an average fall of a little more than 2 5 ft. per mile. a 
this Portion | of the Sacramento. Valley the slope « of on both sides 


of the river is from the hills which encompass t the valley 1 toward the river. 
number of ‘small _streams both from the east discharge their 


waters directly into the main stream. ‘There a are no extensive dey ressions: 
_ The channel 


3 not persist 

The pray: in “its: paca “course, as far has built up 

which are the valley “depressions 0 or so- -called flood 
basins. — ‘The bottoms of these basins are here and there « 


places several miles from, ‘Tiver. 
ordinarily a quite ‘uniform gentle slope 
depressions, giving a smooth appearance to the ‘valley 


- The stream from Stony Creek to Butte Slough, | a ‘distance by river of. - 


(53 miles ' , flows on a a lighter grade than in the more ‘northerly portions of 


Sacramento Valley. Its fall in this stretch is about 1.3 ft. per mile. “The 


river in this’ stretch « cannot carry all the water which comes down in times 7 
ny 


flood from the north. Some escapes over bank into the depressions 
referred to previously. The river’s ‘original channel capacity in this’ stretch 


gradually with distance down stream from about 150 0000 sec- ft. 
to a 


rom Butte Slough to Feather: River) he Sacramento River has: 
deficient capacity. Its g gradient is here about 0. 34 ft. per mile. “Under 


8ee- ft. All the remainder of the flood flow entering the valley from the 

and west, above Feather River, found its. way into the flood 


Ste: 


basins and back into the river lower down. | In this 


in places to. 20 ‘ft. into the « depressions 0 on side, “making it imprac- 


ticable to construct river levees far apart. ott 
in Below Feather River | the ‘Sacramento River in its original condition | ed, 
discharge capacity between 7 75 000 and 100 000 sec-ft., depending. on the unknowr 
channel dimensions now modified. materially. by human agencies, notably by the 7 
deposit i inv the river channel of great quantities of sand which originated in 
large part in the, mountains: in ‘the of hydraulic mining activity. The 


ee river gradient from Feather River to the first’ large partition of water in the 
delta, at the hee Steamboat a dis ance of 48° 


delta 
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where water from the pe est. side depression, ‘Yolo ‘Basin, 


‘returns to the river and where the capacity of the original river channel - : 


For an understanding of th e flood- control project this river it 
es to say a few words about the ‘Sacramento Valley flood sane q 
under natural conditions were very effective agents in decreasing - the peak — 


of the > river’s flood discharge. _ These b basins" are here very briefly described 
as) they were and as they functioned before ‘the flow of the river had b al 


materially modified by human activities. (See Fig. 18.) 
iy. On | the east side, i in their order down stream, are Butte Basin, Sutter Basin, 
American Basin, and Sacramento Basin. On ‘the west. ‘side are the 


Basin (frequently described as consisting of the Upper and the Lower Coles 


Butte Basin, the ‘uppermost east side extends down ‘stream 


far as the contraction between the river’ s high bank lands on the v west and 
the ‘Sutter Buttes on the east. At this contraction, Butte Slough, a ie 


through river | bank lands, forms an interconnection between the river and the 
tie ‘ The water which flows over the east bank of the river above B me 


Slough flowing ina network of ‘channels and uniting with: water from a numb er 


of streams which drain outlying portions of the Sierra Nevada region, reach 
fills the Butte Basin, the drainage from which, during river flood 


me 


goes: south’ through t the contracted low area between the 1 river and 
Buttes already referred to. ‘During general flood. stage of ‘the river 


basin holds slow moving, sea of water, 30 to 150 miles in area, 


the water in the basin. has. more or less § slope upon the source 
re 
which it receives its greatest : accession of water. 


The second flood basin on the east side of the river is —— Basin. This: 
toe has a length from north to south of about 30 miles and an average 


of 6 miles. ‘The u upper miles thereof, however, has sO > much surface 


- slope and lies so much higher than the 1 more southerly 3 portion, that, as soon 
as the inflow qf water from the north ceases, there is rapid drainage into the 


niow n th the ral 


_ more depressed southerly portion, and submersion of basin lands does ae 
there continue long. The unwatering of the more southerly basin lands being 


B by drainage into Sacramento River near its confluence with the Feather is a 
slow process. - When the flood stage at the mouth of Feather River is at 


Elevation 80 (above mean sea level), and the basin is full ‘to this height 
iJ (which is about 8 3 ft. below the flood- control project high- water stage), its 
surface has an area of nearly 140 sq. miles and its” contents range from 
_ 25 000 000 000 to nearly 40 000 ¢ 000 000 cu. ft., according to the momentary 
volume of inflow from the north. ‘When, for | example, i in December, 1889, 


highest. stage of ‘the winter, the water it in Sutter Basin 
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39 000 000 000 cu. iy or four times the amount which would fill ‘the ‘Sacra- F 


“mento River channel below. Tron Canyo from a low-wat er to a high-w -water 


plane. general ‘elevation of lowest portion of this basin is 19 to 
= ft. - This i sone little above the elevation md the low- water plane of Sacra- 


~The river does not fall to ‘its seasonal lowest stage until in the iin 
months, and drain- to the river which Nature had provided, not 


everywhere connect with the lowest spots. Drainage, therefore, was — 
pan and water stood i in some ‘portions of the flood basin throughout the alls 


yea r. It i is to be noted that by reason of its position between two rivers, this 
sei before its reclamation, received water r not ‘only from the ‘Sacramento, 


but also from the Feather River. Be While being filled and while discharging te 


contents, it had a “pronounced \ effect on the flow of the Sacramento River 


American. Basin is the third east ‘side basin. Its southerly or down stream 
end is at the American River. j) Its - northerly apex extends along the east side 


of Feather River for. some miles ‘above its mouth. The basin has a surface 


 § extent, if measured by. such a flood as that of December, 1889, of 110 sq. wie 


1 the & and, att that time, at its highest. stage it contained about 25 000 000 000 cu. ft. 


sutte of water. Its water stage at its s southerly end was controlled by the stage of 


‘Sacramento River at the mouth of the American. > o is interesting to note a 
that a change of 1 ft. in its elevation at a full stage represents as much water 


as | goes by Sacramento City « at a a flood stage of Sacramento River i in 10 hours. 


wih Sacramento Basin is a name sometimes applied to the depressed ‘area on _ 

the east side of River below Sacramento City. This’ depression 
’ is long and narrow. It has long been so well protected by levees—although 


there have been ¢ ‘oceasional: floodings— —that its having ¢ ever r had any material 


miles 


stages in in River opposite the upper of the 
Gaul Colusa Basin lies on the west side of Sacramento River, being ae 
from the Yolo Basin by a ridge of relatively high ground built out. from the 
aS soon Coast Range to Sacramento ‘River at Knights Landing (Grafton), by 
nto the Creek. This is long and comparatively “narrow. Before the water 


oes not was back levees, any general river flood | stage” converted ‘the entire 


Gel 


ay 


at Knights ‘Landing into an 1 inland sea nearly 50 miles long and 2 to 7 miles 
ide. Its water came from the west side -over- -bank flow of river. 
from numerous small. creeks which descend from the Coast Range. 
- flood ¢ conditions, when ‘this basin was full, and water was flowing in it from pt 
re cael i to south, its contents may at times have reached 45 000 000 ) 000 cu. ft. se 


Yolo Basin is the largest: of the several flood basins along the ae 
Rive er. extends from: the ridge described a 


yentary 


— 
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Slough. at the lower end of Grand Island on the south. It has a length of , 


MAS 


more than 40 miles and an average width of 7 miles. Its volumetric capacity, 


before being re reduced | by reclamation v works, mess at times of general inunda- 

when water was flowing down the basin, about 50.000 000 000 cu. ft. : 
surface extent may b be noted at nearly 300 sq. ae. _ During the high water. 

" of 1889 (this being a a flood for which the records ‘permit approximation), the 


discharge the lower end of this basin back Sacramento River 
~) through | Cache Slough, its outlet channel, was more than twice the quantity of 


water which the river was carrying. Inc other words the natural capacity of 


-y the river at and below Sacramento was only one- -third of the combined flow 


in the river and in the Yolo Basin and yet this combined flow was not as” 
great as the discharge would have been, at the peak, if there had ‘been 


retarding influence by flood basins. 
In view the situation | on the Sacramento River in the 


Valley, as explained, the adopted project was based on the oni ae 


principles: 4 at al ‘nd a Past “yng ti walt itive 
7 _ 1—The rm river must be forced to carry the maximum amount of the food ; 
> flow which can be held between properly placed levees of reasonable height. | = 
ist 2. —The water ‘presented. at any time in excess of maximum river capacity 
— must be allowed to escape from the river at selected points under control and — 
a only for such length of time as is meen to keep the > river | below an adopted 


ao 3.—The flooding of lands by the water which i is allowed to e escape from the 


river must be restricted to definite areas set apart | for the purpose. ae 


the application of principles the Sacramento. River, the engi- 
| 4 neers who advised the State and Federal authorities found it desirable to use 
river discharges as determined from the flood conditions of March, 1907,* as 
general: guide and ‘to plan control works, with some “llowance for safety” 
under similar ‘ectiditions. Studies made in great detail: under the direction 
Capt. (now Col.) T. HL Jackson, Corps” of Engineers, U. S. A., by the: 


Civilian Assistant, Wadsworth, M. Am. Soe. O. E. , and ampli-- 
fied by E. AL the California State Recla- 


0.000 sec-ft. to about 72 000 sec- “ft. ‘The excess over what the river just 
4 above Tisdale Weir can carry goes over r the east bank of the river ‘flowing as 
already described into Butte Basin thence into Sutter ‘Basin. Tisdale 


Weir has a fixed cres st 1 100 ft. 729 over which - the discharge at flood stage is 


8, Soc. C. Vol. LXXXV (1922), PP. 
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te Below the Tisdale Weir the river is to have a capacity of 33 500 | sec ft 
between high levees and the remainder of the flood flow o of this part of Sacra-_ 7 - 
mento ‘Valley, estimated at 216 ft. flood such as of 


Feather River, 200 0 000 sec- some miles above the lower or | of 


The total flood flow from the north, which will reach the vicinity of the 


of Feather and Rivers, is estimated at 450 000 sec-ft. 
the 33 500 ft. in Sacramento River and 416 500 sec-ft. by- “pass flow, 
this pb the Low er Sacramento i is 


there is no room for ‘this in lower river it must ‘be allowe 


to ‘escape into Y olo Basin. For this a relief outlet controlled by the 
Fremont Weir has been construated on the right, or west, bank of Sacramento” 
River a few miles up stream from the confluence of the two rivers. — (See 


_ ‘the City of ‘Sacramento, | 20 ‘miles, below the mouth of Feather River, | 7 


the Sacramento 1 receives its last tribuary, the American River, Iti is estimated — : 


ZZ that this | river at a general flood stage similar to that of 1907, will discharge 


8 000 ‘sec- -ft. . into the Sacramento: River. ‘This ‘discharge alone, without 
to the water already i in Sacramento River, walk overtax the contern- 4 


plated river - capacity (110 000 sec- -ft.) below ‘Sacramento. To meet this situa- 
tion a relief. outlet has | been constructed near tea mouth of American River. 
‘7 It is known as Sacramento Weir. . (See Figs. 23 and 24. ) For economic reasons aa 
this has been placed about miles up stream. . Under this arrangement there 
will be, at times, an up-river ¢ current from American | River to the relief outlet, 7 
a but this will be So rare and will continue for such a short time that no bad | 7 


effects, such as channel obstruction by silt, are feared. Ibis anticipated that 


| under recurrence of a 1907 flood considerably more than 100 000 see-ft. of 


water would go out of the Sacramento through | this ‘Sacramento relief outlet. i 


q 

nll each relief outlet there is a permanent structure replacing a ‘section of = 
mpli- levee, through or over which the outgoing water flows. There is thus a Tisdale 
or a 


i eir on the left or east side bank of Sacramento - River at the ‘upper end of “a 


4 


Sutter Basin; a Fremont Weir on the west bank of the river a: few miles 7 
above the mouth of Feather ‘River; and a Sacramento Weir also on the west 
(of S Sacramento River (2 miles above its mouth. | The crest of the Tisdale 
a Weir is at an elevation a about 2 ft. above the general level of bank lands and Bn 
about 9 ft. below the extreme flood height i in Sacramento River. . Whenever ¥ 
water reaches the crest height" of the weir the outflow from the ‘river begins | 
:. and continues during flood stages until the water in the river again ae 
below the height of the crest of the weir. 2, 


The I Fremont Weir also has a fixed crest w hich is at the general level of 


ad stage ‘is 

bank lands. trench was: excavated to receive this structure. The ot a 
er its crest is 9000 ft. Here, as in the case of the Tisdale Weir, ', flood water flows a 

over the weir whenever the flood is higher than. the crest. 


we 
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flood an are similar to those of 1907 ‘te a of y water on ie weir 


Ot The Sacramento Weir has a length of 2000 ft. . and is provided with a 


movable crest. The top of the 1¢ fixed structure is about 10 ft. below 1 the river 
- flood stage and the movable crest adds ® ft. to the effective height of f the weir. 
—- all three weirs the force of the over-falling water is broken by a stilling 
device, a box- like depression constructed of concrete. the case the 


* > Fremont Weir, on account of the slight elevation of the crest above the land — 


Po ; = which the weir discharges, the stilling- box i is | ‘shallow and a down- stream 


apron of rock has been added for additional | protection. 
. _ The water which flows from the river, through the various relief outlets is 
a allowed to spread out at random ¢ over the basin lands. S. (See Figs. 25 and 26.) 


It is confined to comparatively narrow channels by levees. The water which 


Sutter ‘Basin through the ‘Tisdale g relief ‘outlet, together with the 


water that flows out of Butte Basin, is thus “forced by levees, 4000 i. apart, 
: over toward the east or Feather River side of Sutter Basin | (see Fig. 25) and, 


r as s already stated, unites with the water of Feather River a few miles Pl 


the mouth of Feather River. By means of this arrangement the river’s over- 


bank waters are carried around the main portion of Sutter Basin and about — 


55 000 acres thereof are afforded protection against floods of be both the 


Sacramento and the Feather Rivers. re The water which flows through the . 
_ Fremont relief outlet (Fig. 22) a nd that which flows through the Sacramento 
“relief outlet is likewise confined between levees, making it practical to prevent 


a ofa strip of land on the west bank of the river and of considerable 
areas along the western margin of Yolo Basin. 


the economic of the River 
It will suffice to add t to “the foregoing ¢ description that the location of the | 
various by-1 -pass S areas necessitated the construction of some quite high levees. . 


: = hus, for example, i in the case of the Sutter By-Pass there are long stretches £ 
a _ of levee from 20 to 25 ft. -in height. A At times of of flood the water of tl the by-pass _ 
- stands : against t these levees for days at a time ne and subjects ‘them to the usual © 

~ danger i in such cireumstances of being attacked by wave ‘action or threatened | 


The by-passes have considerable width. The one through the Sutter | Basin, 


as 


noted, is 4 000 ft. more in width. through Yolo Basin ra ranges 
7 000, to 14 000 ft. When they are filled with water this great width gives the ; 


wind | a free » sweep and ‘subjects the by- -pass levees to attack at exposed points 7 
byw wave action, making their protection with facing of rip- p-rap or concrete at 


‘The fact t that high 1 levees is generally recognized. This’ i 

i particularly ‘true where : as in an the case of the California by-pass levees there if 


fore, the levees very dry and subject to cracking clay enters into 


their composition. n. Absolute assurance of protection behind high levees can- 
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G. 26. —VIEW OF SACRAMENTO By-Pass, FEBRUARY 6, 


es 27 —VIEW OF SACRAMENTO RIVER, SHOWING DOLAN BREAK IN WEST LEVEE, BELOW 


4 


9 


7 


— 


OL 


not, therefore, be given. Fig. ) When this is taken into account, 


te together with the | additional fact that v volumes of water to o be handled at the 


extreme flood cannot be known, because : any flood stage of the } past may be sur- 

. passed in the matter of volume of flow sometime in the future, then it appears 
ta quite questionable whether attempts to protect completely such areas’ as 
Sutter Basin should ever be made. This basin might well have been acquired — b< 
by the State of California and held for all time as an overflow. recipient func- 

— tioning as a retarding basin. Had this been done much of it would have ve been 7 a 
free of overflow in May or early in June of most years and could have been 7 

farmed to summer crops. There would have been little or no ‘economic loss to 

“the: State. Furthermore, flow into this basin ‘and the discharge from 

; eee have , prolonged the duration of floods and would have cut down the peak 


discharge of the lower river, , thereby simplifying and rendering safer the pro- a 


= The Sacramento V alley flood-control works have thus far ow under. 
= erate tests only. There has been. no stage comparable with 


“outlets. ‘There: has, however, water in n the by- -passes, ‘notably i in February, 
a 1927, when it reached an elevation 10 ft. below the levee tops in the Sutter By- 7 
Pass. All that can be said at this time of the relief outlets: on the Sacramento 
hs and of the by- “passes is that their introduction as features of the flood- -control 7 
5 was based on sound principles, but that it is still questionable : as to 4 
whether these principles have been throughout properly applied to the existing 7 
_. That the flood-control problem in the Mississippi Valley is comparable -with 
that in the Sacramento Valley seems to be established by recent events. _ When 
volumes of water are presented as was the case during the 1927 floods i in 


— the Mississippi Valley, the peak 3 river - discharge would demand a waterway far a 


ine excess of what can everywhere be provided between river levees of reason-— 7 


a 

“Sere may not be'er even a worse combination of discharges from tributaries and _ 
still ; greater demand for capacity. It is apparent, therefore, that the present — ‘ 
_ program of levee Wilding should be approved and accepted as a first step in the 
execution of a comprehensive project, to be, however, supplemented with relief a ; 


outlets—always preferably i in the nature of spillways with 1 a high crest level— > 


| which the river can unload its surplus water. 


n unl 


peek of “rok the apt a of lands will thus be kept at a a minimum 

. “as will also the number of days or hours: during which the outflow continues. 
"Moreover, the areas that will be flooded should be. selected in as in 
pea case of the Sacramento River by-pass areas, and they should be held in 
public ov ownership in order that farming activities thereon can be kept under — 
control and erection of improvements that would be too greatly damaged by - 
occasional can b be wil “readily be ‘seen that under ‘such 
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a plan great stretches of levee, perhaps miles in length, can be held relatively 
low and ec converted into overflow weirs or spillways by being covered with 
e conerete, and yet will serve as effectively as the remainder of the river - levee | 
in confining the river at a reasonably high ‘stage to its channel. _ When “a 
extreme flood flow is then presented, the outgoing water will not be dis- _ 
charged through deep accidental breaches in excessive volume (see Fig. 2 7), but 
will go out at selected points over high barriers and will be held at the 


minimum amount which ill afford the desired ‘a0 


ost OF THE ProJect 


‘This project is not merely a flood-control project. The _lower- end 
Sacramento. River below Cache ‘Slough is being widened and deepened 
navigation conditions there and elsewhere along» the river are ire being protected 
and improved. | ~The cost: of the project falls upon the United States, the State 


of California, and the land | owners, as indicated by the follow ‘ing figures taken i 
¢ 


from the report of the State Engineer under date of February 10, 


Total Federal appropriations to to June 30, 1924... $3 749 900 


Lands, -eut- off, and ‘channel ‘enlargement 248 600 
Sutter 3000000 


owners’ expenditures and obligations... .. 20497 804 


appropriations, expenditures, and obligations $31 246 304 


a ag necessary for land reclamation since 1850 to December 


interest, discounts, and other costs of financing, in 
The land owners’ expenditures for maintenance of flood 
control and reclamation to December 31, 1924, TPES 


are periods to show with | positiveness a any tendency toward 


ermanent change in the amount thereof or in its intensity. | “Moreov er, the | 
mbination of circumstances which produce extreme flood conditions a 

“ ot of frequent occurrence. Abundant evidence can be found to show that 
¢ greater floods than any of which there is dasha” are still occurring | from 
A time to time and that the possibility of such greater ‘floods: should not be lost 


sight of when flood-control works are being planned. 
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by for “about 100 1879, water nied 


ster 


of water” streams for ‘irrigation. had. been the 
cause of the lowering and would keep the lake low. Despite 


the lake rose again ‘to a high stage and has. remained comparatively high 


Tulare Lake, to Indian ‘tradition, was once ary. 
‘man. This is “uncovered | about 1881 by its 
receding waters. ~ ‘It was fil filled to > overflowing i in 1861- 62; again to its highest 
stage in 1867- -68. It ha has been dry for a 1 number of. years in recent t times, but 
will surely be temporarily y restored to a sizeable area sometime in the future. 
- On the Danube, in 1897 and 1899, high waters” at ‘Vienna Tose to within 


an inch or two of the levee crest 5 and, vet ‘the 1 river discharge a at ‘the “peak 


froin high-water marks, of the flood of 4501. 


‘cae In California, the last winter of the type most —e produce | extreme 


flood “stages in the Sacramento River as that of 1889- 90. (See Fig. 28.) 
Similar winters, earlier i in the history of the State were those of 1849-5 50, 


: --1852- 53, 1861- -62, and 1867-68. Their absence since 1890 | gives no assurance 


that there has been a change of climatic conditions. — Such winters will occur 
again. No onecantellhowsoom 
ee is possible, and should be regarded as probable, that poe 
nters will surpass those of 1907, 1909, 1911, and 1914, which have served 
lessons to the flood- control | ol engineers of the State. of the State 
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"RECLAMATION AS. AFFECTING CONTROL 


By ELwoop Meap,* M. 


a __, According to the 1920 Census figures, there are in the eal States a total 


of T 7 538 irrigation 1 reservoirs with an aggregate storage capacity of 21 246 436 aa 
acre-ft. Of these, 1601 "reservoirs with an aggregate capacity of 6 023 922 
-acre- “ft. are located within the ‘Hives Drainage Basin. All these 


} 
a 


‘ool discharge being at 1 806 000 sec- ft. 


Approaching the > problem from another angle, the total irrigated areain 
rE Mississippi Basin (1920 Census figures) is about 5 000 000 acres. Cae 

ing an average diversion of at least D) acre- ft. per r acre, ‘there would be roughly 

10000 000 acre-ft. by which the discharge of the river during the irrigation 

season has been reduced by reclamation development ; and ‘this reduction is 
effected during the period of the great Mississippi floods, ‘as the return flow 


arising: from the irrigation diversion dam does” not reach the e stream until 


| al after the flood period. diag, dy 
bs il ‘According to the same Census figures, the total irrigable area included in 
existing irrigation enterprises in the Mississippi Basin is about 000, 000 


acres, and there | is, therefore, apparent opportunity by the extension of 
these projects | to reduce the flow of the river by another 10 000 000 acre-ft. 
Assuming t ‘that this i is spread out uniformly over an ‘irrigation season of 1800 Pax we 
- days, it would effect an average ‘reduction in flow amounting to 28 000 sec-ft. . 
or about 4% of the average flow of the stream. 
ae On Mississippi itself, the serious” floods arise than in the 
| appears, ther be e negligible; its effect on lying 
the e arid regions is, however, a controlling factor. the North Platte River 
io ormer destructive floods have been practically eliminated 1 by the ‘construction ar 4 
y the U. s. Bureau of Reclamation « of the Pathfinder and Guernsey “algae 


ti Farther west are regions where flood protection by irrigation reservoirs hes 
be been most marked. One of the Bureau of Reclamation reservoirs, 
namely, the Elephant Butte, on the Rio Grande, was designed with the purpose 


at setting aside a definite of its capacity for flood control. total 
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RECLAMATION 
P 2 638 000 acre-ft., | of which t the upper 400 000 acre- ft. is reserved 
for this purpose. ~The rapidly alternating conditions of extreme shortage and 


devastating flood characteristic of many streams in the arid 1 region, are graph- 


ically portrayed in the following excerpt from a report made in 1921 by 


S L. M. Lawson, M. Am. Soe. C. £, at that time Superintendent of the Rio 


wi Tp the relatively short time of five years since the completion ‘of the i 
_ Elephant Butte Dam, it has served the two extreme requirements, namely, ( 
‘that: of storage and that of flood control. The crop produced during the 
period of 1917 and 1918, when practically all the water used for irrigation 
was drawn from storage, had a value in excess of the cost of the dam. The 
flood damage which would have resulted from the uncontrolled. Haein of 
the flood of 1920, through the valleys of the Rio Grande above and below El 


Paso, would have reached an amount also largely i in excess of the cost of the 


On the other hand, the fact that’ flood protection cannot in every case be 


expected to to be provided by the : reservoirs necessary for irrigation, is demon- 
Satis 


strated by co onditions on the Middle Rio Grande Ooinsereaniy District. This 
‘District comprises lands in the Rio Grande Valley between the upper end of 
the ‘Elephant Butte Reservoir and the Colorado- New ‘Mexico State line, and 
has been organized in order to solve in an orderly and co-ordinated manner 
particularly acute problems of flood control, drainage, and 


4 must t be solved to ‘permit ‘the fullest development that ‘part of the 


~The construction of the Roosevelt Dam on the Salt River, in 
‘improved flood conditions down stream, and the recent comple- 
tion by the we 8. Bureau of Reclamation of the American Falls Reservoir 
Snake River, Idaho, 1 with a storage capacity of 1700000 acre- ft. has 
An outstanding example of ‘the possibilities of flood control 
and irrigation in streams of the arid. region is the - proposed Boulder ‘Canyon 
a - Reservoir on the Colorado River. Here, the investigations of the Bureau 


of 
engineers have demonstrated that by the construction of a 


> 
: in a narrow canyon raising the water surface 550 ft., a reservoir with a a capacity. 


ry entire flow thie for irrigation and, in addition, ‘would provide 
ample reserve capacity to regulate its floods to any desired extent. This would — 

a = flood protection for a number of irrigated valleys in the river bottoms — 

between Needles, es, Oalif., and Yuma, Ariz., | and definitely remove the ever- 
"present of disaster “now hanging over Tmperial Valley. This river is 
out of this’ basin 1 now vi by” “means of levees along its north. bank; which 
turn it south m it by a 
which runs through Mexico the Valley, where 400 000 acres are ‘now irri- 


ented: and 700: 000 acres can n be irrigated. Sixty thousand live « on 
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For a year the ite volume of the into this basin, 


farms, washing away houses, a and doing millions of dollars of damage. : Now, 

with the growing t use » of water along tributary streams, and the extension “ . 

its use in Mexico, further extension of irrigation is , stopped, and the farms of 


the Valley are ‘menaced by irreparable loss through: drought. In September, 
i¢ 
1924, less than one- third of the “water needed by irrigators | down the 


river. = _ There had been dangerous floods « a few months before, follov ed “by 
this devastating drought, ¢ that in in two \ weeks caused a loss of $6 000 000 to the 


— The average flow of the Colorado River for a whole calendar year is about 


16 000 000 acre-ft. This reservoir will hold, therefore, the | entire discharge of. 
the river for a year, and a half. ‘The great floods which now come down i 
the spring when the snows are melting will be | caught here and held back, to 


released later when water needed to irrigate parched fields. No water 


will flow ‘over the dam; ; all that: goes” down the stream will be d ischarged _ 
. * through its regulating ; gates which will open into tunnels that | pass: around the — 


end of the dam, and will be the towering: cli 


ull li 
the dam will be built. 
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VER AS AFFECTING FLOOD CONTROL ead eine 


and flood control are so that, from 
“the standpoint of power development, one more readily states the ‘subject of | 


rT 


‘this paper in the inverted order, namely, flood control as affecting power devel- 
opm 


ent. 


cad a practical matter, consideration of power development in connection | 


_ with flood control presupposes the use of reservoirs for such ‘purposes. — Some 

proponents of flood control | conceive of benefits: to ] ‘power ‘development as one 
of the economic justifications for of floods” by means of reservoirs. 


Proponents of water power development, on the other hand, , are disposed 


have misgivings whenever it is ‘proposed to couple the use of storage capacity 


for’ flood control with that for power development. However, the two uses 

a not ‘intrinsically, | even though frequently, antagonistic, and it behooves 

one to analyze more deeply i in order properly to appraise the effect of the one 


lt or the purposes: of this paper, the term, ‘ “floods”, is assumed to includ 1 


ony ths high waters which necessitate control in order to prevent damage. 


Further, the writer assumes” that the control of Mississippi River floods 
solely r by means of of reservoirs i is is impracticable. This subject has been discussed ; 
in some detail i in n certain other papers of this Symposium. 
- To the extent that reservoir sites may be available hee Cairo, Il. _ 


‘Teservoirs are not likely to be of great ve value for power development. 2 The -reser- ; 


voirs could be filled safely only if and when important floods required the: 
=. storage of flood-crest water an d as soon as practicable | thereafter _ 


would: have to be emptied so as to be ready to receive the water of the next 
flood | crest, which occur during the very same season or might not occur 


The heads, sufficiently great, to be | so variable and the 
a0 ie supply sO intermittent that the possibilities for power } installations in 

connection with Lower Mississippi flood-control reservoirs in general do not. 

attractive. Certainly one e could not reasonably expect power -develop- 


maents: contribute toward the cost of such reservoirs. 


In connection with the use of levees, spillways, or by- “passes tor ‘Mississippi 


flood control, power development is not a consideration. Here, too, heads 


would not b be s sufficient, nor is any head available for a time sufficiently long. — 


oa This pay paper, therefore, must be concerned mainly with reservoirs located on 


the tributaries of the Mississippi River and particularly in the upper - portions 
i the drainage areas of those tributaries, for it is Primarily at the head- 7 


waters that the fall occurs and power must be developed. 7 Unfortunately, it is 


those very areas that storage reservoirs: are least effective as regards the 


of floods on the Mississippi 
or A (Mead | & New ¥ Terk, 
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POWER FLOOD CONTROL 


“The relationship existing: between power development and flood control > 
in respect to such reservoirs will be considered in the following categories: setae 


Reservoirs Solely for Flood Controkh = = 


(8) Reservoirs for Joint Power Development. and Flood Control. Ke ; 


the extreme relationship between power and flood control 


~ a | the: situation « existing when a a stream is under r complete | regulation or con- = 
trol by storage. By ‘complete regulation” from the standpoints o of 


development and flood control, is herein meant approximate equalization of 


‘run-off as of a given point on a given . stream, for instance, to the extent of 
ea ausing approximately the | same aggregate run- to occur month after 


month, _ but with variation in flow, for power purposes, within the months. ~ 


‘Such regulation may be the work of man or of Nature, However, on any 


stream vw with as s much as several thousand ; square miles of drainage « area, com- 
| regulation by artificial | storage is not likely to_ be attempted for power 


Whether the regulation be ar artificial or natura and despite any utilization 
: of the e regulated run-o off for power development, there can be practically mall 


"3 high stages of importance on such a stream save those due to ice gorges. 
- This is true even though the stream { flow be artificially regulated sO as to o 


. yield little or no power at certain hours « of the the day, or or days ofa week, or weeks 
or seasons of a year, and correspondingly ‘greater power during other hours, 
ie days, weeks, or ‘Seasons. ol In general, it i is economically impracticable to install 
machinery of | of a capacity sufficient to utilize from stream flow at such 
a rate as to 0 produce a damaging flood wave. | 
a nal ~The outstanding example of practically ‘complete regulation is, of course, 
7 “the St. Lawrence R River, with its flow regulated by the Great Lakes. . If one 
eliminates from consideration the “high water” caused by ice ¢ gorges, the St. 
simply has no flood ‘problem. The status would not be materially 

‘ different were there artificial regulation for power } purposes located, say, at 

the head of Niagara River, and were such to release 


= more than the normal flow. 
‘into which it discharges, constitutes a separate story. as 
ies flood control, that effect is favorable. Thus, the storing of water, especially — 
of local flood run-off, cannot be otherwise than beneficial. Again, stored water 
on completely regulated head-waters of tributaries of the Mississippi would 
nally be released to offset the deficiencies in natural flow occurring either - 
in mid-winter (for example, 1 in the North), or in late summer or autumn (say, — 
in ‘the West, or in n western regions of milder climate). In neither event ¢ can 
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Whether is feasible, whether is war- 


IL. —PArtiaL REGULATION BY STORAGE 
Since the very question of the extent to which flood control is affected by ts 


power development implies some regulation by reservoirs, the eategory a 
partial regulation includes all pertinent cases other than those involving oo 


Reservoirs Solely for Power Purposes. —From the short range stand- 
; seiial, that i is, as concerns areas down harinsens from the reservoirs, but not too 


far (say, within several hundred miles), such power reservoirs can only = 


beneficial in respect to. flood control. ‘This benefit, however, may be neg- 


— ligible and certainly is not to be relied on as adequate protection against 


Tf the storage capacity of a reservoir is utilized, axiomatically, the | 


neg is drawn upon either when the natural stream flow is relatively low, — 


or in| advance and in anticipation of a flood. Conversely, the reservoir is 
usually refilled when the stream flow is above normal, preferably when the | 


stream i is in flood. The result can only | be a tendency to reduce flood crests 


in near- “by down-stream areas ; certainly, no harm can result. 


beneficial effect is increased if the storage capacity is sufficient 


x & absorb the entire re flood and if, at the same time, other power capacity is avail- 
able for supplying market demands, so that during the flood the power use at 

the reservoir may be temporarily suspended in whole or in part. - Indeed, if 


such other power capacity “hydro” and is located at power stations on 
streams simultaneously 1 in flood, the benefit : from the standpoint of flood con- — 


would be accompanied by benefit from the standpoint of power develop- 


a ae Even if the storage capacity | of a reservoir be not utilized d by "drawing upon 


there is generally an absorption of flood peaks. Such absorption is not 


i necessarily important in quantity, but is bound to be beneficial in quality. 


The absorption takes place without exception wherever the dam or 
7 is, not controlled by gates or siphons. It results from the fact that, as the 


“af flood | discharge increases, the depth of flow over the spillway crest increases. 
‘This, i in turn, necessitates the storing of water over the reservoir area 


vite 


a depth corresponding to the increase in depth of cover-flow. ~The water 
- thus ‘stored 1 must t necessarily include the run-off at the very y peak of the flood. 


may be sited a drainage area of ‘dead 58 sq. to be con- 


trolled by a “storage dam for a power project in | which 
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POWER “AND ‘FLOOD CONTROL 


acres will so great that, even assuming the > reservoir to be filled a 
at the beginning of the probable ‘maximum flood, the actual flood peak passing — 


asp 


ov er a only 100 ft. Jong, would be the natural peak at 


s that cited* by E. H. Sargent, M. Am. Soe. C. E., “for the e Sacandaga Rassrtois! ; 
per an area of about 26 000 acres, under construction o on a tributary of the 7 
Hudson ‘River. oP flood d of the same unit. intensity and graph as the Miami > 
‘River flood of 1913 apparently would have its peak reduced 1 by one-half in 
through the ‘Sacandaga Reservoir and over a spillway assumed to be 
- 600 ft. long. In this case, t too, the reservoir was vas assumed to have been full at 7 


flood-peak water thus absorbed is retained only temporarily and 
_ subsidence of the flood i is released gradually, but with the result of prolonging 


= 
long-1 “range standpoint, that is, as concerns 1 or more, miles” 


its flood are to 7 varying of flood ite 
_ principal tributaries » it is is clear that the retardation of flood- -peak run-off from | 
a given tributary might prevent t the arrival of that peak run- -off at a critical 
‘point, such as Cairo, at a time when it would aggravate 
4 arising from synchronous | arrivals of floods from other tributaries. 


ther tributaries, 


a Conversely, the tremendous drainage area a of the e Mississippi and the ieee 
- distances of flood travel on its tributaries make equally possible the cireum- _ 
_ stance that 1 if a given head-v -water flood peak had not been disturbed or retarded, w 
its water Ww ould have reached the critical junction head of of the main coincident 


flood flows, whereas the retardation in fact the s synchronism 
regards the Mississippi, therefore, it seems 1s fair to state that | over a long 


period of time the beneficial and the effects of local flood- peak absorp-_ 


tion would offset. each other. Ample evidence is available to show that the 


‘magn ude of effect i in either direction can only be negligible. 


r *¥ inally, it is well to bear in mind that an operating procedure which would — 
inv rolve: drawing down a power reservoir in advance of the flood season, so as if 
to afford some additional flood control, is likely to | be detrimental to power — 
1 ‘would involve reduction in head and, henee, in power and, 


should the anticipated flood not occur, there might be no opportunity to refill 


(2) Reservoirs: ‘Solely for Flood Control. -As to method of operation or 


| purpose these may be classified, as follows: ab ty 
(a) Reservoirs: intended prevent completely any flow past dam 


La 
The ‘object. is to complete ely’ if the: discharge of flood 


_ waters ‘until after the flood flows from drainage areas: farther r down stream sre 


have passed the region to be protected. — Such a ‘reservoir may be tended 
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to protect areas at stream, , for instance, the 
protection of Pittsburgh, at the junction of the Monongahela and Allegheny a 
Rivers to to form a the Ohio ] River, in Western Pennsylvania, there has been 1 pro- 
posed a system of reservoirs which, among others, would include reservoirs 
in West Virginia | the head-waters of the Monongahela River. 


|e Reservoirs or basins intended to detain the flood discharge, or, more 


accurately, to lessen 1 the rate of flood discharge to such as may be c be carried d safely 


by the stream channels through the areas to be protected 
Detention reservoirs are » intended to protect areas relatively close. to the 


reservoirs, The » outstanding example i is the system of the Miami Conservancy 

_ District, ‘intended to protect the Cities of Dayton and Hamilton, Ohio, and - 
An reservoir of either type intended solely flood can- 


- reliably fulfill its function unless it be mien as soon as practicable sine 


‘thie take place automatically.) The result is ‘that Sows com- 
pletely y withheld, merely retarded, as the case may be, are released long 
before the natural s stream flow reaches a stage materially below normal. — In | 


=) other words, the flood flows can not, must not, be utilized to increase natural 


flows during low-water periods. | Consequ 1ently, benefits to power devdupauete 
are necessarily incidental and, generally, are minor in amount. feign 


It is conceivable that in ‘regions where spring run- -off and all: floods 


control reservoir might safely store for power or other purposes the last install- 


ments of spring run-off, once ‘the ‘melting of snow has been’ completed or or has 


Reservoirs: for Joint Power Development and Flood Control. 


aa have been various proposals for the construction of such reservoirs, some of 
these proposals having been made under the auspices of the Federal Power 


Commission. However, the writer knows of no actual instance of construction. 


PS clause for r this ] purpose, proposed by the Federal Power Commission to be 


embodied in a license for a series of water power developments on a aroma 7 


+ “If at any time any agency shall contribute funds to provide additional 
reservoir capacity for the ‘purpose of storage of water for flood control, the 
licensee shall co-operate with such agency by constructing or permitting to 
> constructed, to the extent of the funds so contributed, additional reservoirs 
or additions to existing reservoirs as may be agreed between the licensee and 
su uch agency; and the licensee shall so operate its project works as to hold, 
r permit to be held, in reserve » for flood control the storage capacity pro- 


prospective licensee that the clause would be satisfactory. 
Usually, it is contemplated that the flood-control ‘reservoir capacity be 


literally superimposed ‘upon that intended “for power uses. The object is 
take advantage » of favorable 1 reservoir sites, especially i in regions where - iq 


a able sites are scarce. Presumably, there are situations where the | combination 


of the two can attained at expenditure for 
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than result from ‘construction of separate reservoirs for power 


The combined reservoirs must in. effect. be considered and operated a as if 
ay _ they were separate. The danger is that the desires, | or the needs, for po power : 
7 will te tend to hold water too long in that part of the reservoir allocated to flood 
‘control. However, the penalty of mal-operation of the f flood: -control component 
of the reservoir is so great that power development ought not to . be benefited 


“more than it would be if the ‘storage capacity | to control were 


7 Such a combination in a single reservoir would have the incidental effect 


of making impossible the development of power { from the head which i is repre- aa a 

‘sented by the depth of the flood- control component of the reservoir, 
‘This: subject is too involved for detailed treatment within the limits. of 

paper. ‘However, in the light of the he foregoing the following conclusions 


ofereds 
Tegards ‘the flood control of a given ‘stream, power developments ts 
¥ involving - reservoirs on that stream generally have a a beneficial effect and all 
especially favorable cases may have important beneficial effect. 
streams which | are under complete regulation by storage, that 
mat n of flow is attained, the veesinenie-a of both _ 
power development and of flood control on that stream may be met ce sonia 
v without conflict. Complete regulation is desideratum, even though not a 
necessity, from both standpoints. (However, in the case of the Mississippi 
River it seems certain that adequate flood control, let alone complete regu-— 


lation, cannot be obtained solely by means of storage ‘reservoirs. Even for 
streams with drainage areas as small as as several thousand square miles, com-- 


"plete regulation artificially must remain a rarity.) 


the cases of streams which are under “only partial regulation by 
power developments may have favorable | or unfavorable effects from 


the » standpoint of flood control; in the iateieal however, such effects of power - 


development will tend to be beneficial. 


4.—S0 far as flood control by means ‘involving only partial 


of a given stream is concerned, benefits ‘which power develop- 


"contribute any aid toward flood control. 


As regards: the flood control of the River, power is ‘ely, 
to be a a minor consideration, , both as as to effects of power reservoirs in — : 


Mississippi River — and : as to financial aid toward flood control. 
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EMERGENCY DAM ON INNER NAVIGATION) CANAL 


‘This p paper is primarily to a description of so- -called “ emergency 
dam” in the Inner Navigation | Canal at New Orleans, an important harbor 
work, “completed in 1922. “ “emergency dams” are re designed to shut off 
- the flow of water through a a lock, such as may occur ur when one of the lock- -gates 
is struck by a vessel and | seriously injured. 
he the dam at New Orleans differs radically i in ‘its: design : from those pre- 
_ viously | built ‘and has the merit of being lower in first cost and requiring a 
| smaller” operating force, a description of the work should be of interest e 
engineers. ‘The paper first enumerates certain ‘protective devices for prevent- 
“ing accidents to the gates, ‘such as special ‘guard gates, Power capstans, and 
electric , towing locomotives for controlling vessels in transit, and chain fenders 
for bringing » them to a stop if improperly handled. — A brief reference is then _ _ 
made to some emergency dams previously built, especially those in the Sault , 


Ste. ‘Marie " Panama Canals. ru Finally, a full description i is given 1 of the 


design may be called the “stop-log” type, since the flow of water is 
‘heck by a number of transverse girders spanning the lo lock chamber, placed 
above the ‘other, like the stop- -logs ‘in hydraulic power plants. These 
ders are lowered and raised by a hoisting engine carried « on a revolving crane, 
Similar in appearance to a railroad swing | bridge. _ The several parts of the 


es Nots.—This paper is issued before the date set for presentation and discussion. — Corre-_ 

S§pondence is invited and may be sent by mail to the Secretary. — Discussion on the ‘paper — ; 

‘Will be closed in April, 1928.0 
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INTRODUCTION 
Although # the risk of serious accidents in properly built and operated ship 


a Jocks i is very ; small, there are unquestionably certain dangers inherent in their q 


use. Such accidents as do occur arise, in _ most cases, from injuries to the lock- 
i gates when they are accidentally struck by vessels, Even if if the damage to the 
gate is small, the > repairs § are difficult to make and certain to result i in delays 


i. to traffic. If the 2 gate is more seriously injured it is likely to be carried aw away 


by the rush of water; other g gates may then be torn loose, and a heavy flow 
es established from the upper to the lower pool. abortions 


Various safeguards are installed i in locks ‘to prevent — from striking 


the gates. ' The ‘most common of these are duplicate Jock- -gates, the so-called 
“guard gates”, placed above and below the ordinary operating gates to act as : 
barriers to protect the latter from injury. 


As a further measure of safety many large locks are fitted with power 


- eapstans for controlling vessels in transit. At Panama, however, all vessels a 
are towed through the locks by special locomotives traveling | on tracks laid on 
the lock walls. In this way the ships are kept under full control at all ti times. * 


to ‘the gates, heavy chain fenders stretched 


dn and have also been in for many years» 


in a number of English harbors. ~ When s struck « by a vessel, the chain pays off | 


‘under a heavy braking strain, gradually bringing the : ship to rest. At Poneme, 


= 


| 

these fenders have proved their value in actual service. .+ In several instances, the 

: ‘4 vessels, some of them of large size and moving at a fair rate of f speed, were” uni 

., - brought to a stop by | the chain without i injury to the vessel, fender, o or lock- -gate. a 7 
> ron; = ‘Besides such safeguards intended solely to prevent vessels from striking the § ing 
7 gates, special devices have been installed in some locks for shutting off the flow E part 
of water if, in spite of these safeguards, one or more of the gates ‘is is seriously _ Vess 

q injured. However, such “emergency dams” are necessary only i in exceptional 
q - cases. . They are not required, for instance, in tidal locks, since in these there 4 torn 
is si slack-water at each period of high and low tide when the guard 
the ends of. ‘the Tock can be closed without trouble. 
are also superfluous where the pool above the lock is small, or where loss 
_ series of locks is separated by short stretches of canal. In these cases the 
7 water above the lock can be readily drained of off, 80 t] so that a special dam is § Phas 


at When, however, the body of water above the lock is a a large river or or Jake, | ; least 
“unquestionably it. should ‘possible to shut off the flow in case of an acei- 
: dent, to permit repairs to be made with reasonable promptness, ih some cases 


it would | be impracticable—in any event, very time- -consuming—to improvise 


means: for accomplishing this object after the accident had occurred. wig 


_-"'s «Blectrical and Mechanical Installations of the Panama Canal,” by E. Schildhauer, M. 
Am. Soc. C. E., Transactions, Int. Eng. Cong., San Francisco, Calif. Panama 
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‘Special “emergency” dams have been installed, therefore, ‘canals 
‘Sault S Ste e. Marie and Panama, and i in some other waterways. The latest of 


is the - special subject of this ps paper. A brief ——— to some of the ‘older 
ones, however, may be of interest. at 


as is known to the writer the first “movable” « “emergency” 
I 


nstalled in connection with a lock was designed by the late Alfred Noble, Past- 
President, Am. Soc .C.E, for the United S States: Canal at Sault Ste. 2 Marie, 


Mich., m more than forty ye years It was ‘removed later when the canal was 

7 _ widened. — Its general appearance was that of a railroad sw ing bridge revolving | 

about a a vertical pivot on the lock- wall. Along one of beeen lis series of c 
wicket girders was hinged by | pins. | After the dam had been turned across the 

: ; lock, these girders were revolved in \ planes at right angles to the axis of the dam 7 


until their lower ends rested against a concrete sill. After: the ‘girders were - 


thus put in place, the openings between them ‘successively. closed 


a This ‘gradual reduction in the cross-section of the flowing water is essen- 
; tial on account of the high velocity with which it moves. . Such a a principle is is 


“necessarily. followed i in all dams of whatever type. 
a later period, an emergency dam quite similar was built on 
the Canadian side of the St. Mary’s River, also at Sault Ste. Marie. 
i ‘unique in n having been actually tested under emergency conditions. 


a 
The : accident, which occurred in June, 1909, due to a vessel 


— ing the locks from below and striking the lower operating gates forcing them > 
_ partly open and causing | a heavy flow of water from the lock. At this time a 
Vessel, was in the Jock and the upper gates were being closed. ‘The heavy flow 
of the upper and lower gates. of. 
loose and others were badly damaged. 


vessel i in the lock, the one in the lower « a 


of life. ~The of water was heel closing the emergency dam, 
_ which was accomplished without serious difficulty. ‘te. 1 to 4 show various © 

phases « of this accident. 


ye In addition to these isan, ahi‘ i all essentially of the same type, at 


least one other important : structure of different design, but serving a similar 
purpose, should be mentioned. This sis t “the “butterfly” dam on the Chicago 


Drainage | Canal, which revolves about a vertical axis at one rotan ot of. she channel, ] 


hen the for Canal were being matured, it was decided 


rk, M. At. to an emergency dam the s swing type with, girders and | wickets, quite 
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of 2 a Board of Army Engineers appointed some years, before to study the gen- 


The Panama dams,* six in all, 


‘ek are longer and heavier than any others. 


| Great ¢ care was taken to make them perfect i in all their details, sc so that their 
operation is smooth The swing ‘span is revolved and the girders 


“New INNER om 
Jit This canal is ‘situated i in the lower ‘part of the City 


_ train. + Its primary purpose is s to furnish an an ‘ “inner harbor” of approximately. 


 eonstant depth, but it may , ultimately provide a an outlet to the Gulf of Mexico. 
shorter and in other more desirable. than the Lower Mississippi. 


overcome the in elevation between the Mississippi and Lake 
_ chartrain. Both sides of the canal between the lower end of the lock and the 
' lake are to be lined with docks or piers, while it will also be possible | to utilize 


the shores of Lake ange for docking p purposes. ‘ The canal has a a bottom ' 


_ width « of 150 ft. = The lock is ' 5 ft. y wide, with a a depth of 30 ft. on the lock- 


and a maximum lift of 19 ‘ft (Fig. 5). 


om case of serious accident to to the lock- -gates, a heavy flow of water would 


occur between the ‘upper and lower levels, the maximum volume being ‘com: 
7] puted to be i in excess of 70 000 sec-ft —about equal to one-third the total flow 


over the “American and Canadian Falls, at Niagara. As a large part of 
their cost was very high and a a large number of attendants is required for their 
_ devised, which would be as efficient as the Panama dams but lower in first 

bridge: design, it was suggested by Mr. ‘R. 0. Comer, Designing Engineer of | 
= of water by a series of transverse girders, sliding i in grooves: in the side- 

course, provide structural work at par for placing and 

would be simple and reliable and cost decidedly less than the standard form 


city below the lock, including important railroad yards, 1 would be flooded in 
case of an accident, it was vital that the dam should be reliable beyond ques- 

The emergency dams on the Panama Canal meet _ these requirements, but — 
4 operation. It was thought possible that some other form of construction might ; 

cost, and require a smaller operating force. 
After several types had been considered, in 1 addition to the standard swing: 

the New Orleans P Port ‘Commission, that it might be possible to shut off the 

ge 
would be necessary, of 

a ae careful study showed that a dam of this kind e could be built—one that 

= used elsewhere. It was therefore adopted for construction (Fig. 6 . At that 
g. 
time the stop- oun type of dam was believed to be entirely novel in lock con- 


-™ __ * The Panama dams are described in detail in a paper by their designer, T. B. Ménniche, y 

 M. Am. Soc. C. E., and published in Transactions, Inter. Eng. Cong., San Francisco, Calif. | 
ae +A brief description of the entire Inner Harbor Navigation Canal, by the writer, may 

i. bet found Proceedings, Vol. XXV, Pt. I 1926), pp. 36-49. 
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4 ‘The general arrangement of of New ‘Orleans Dam Fig. 4, 
Various: details 
the structural work and mechanic par ts are in other diagrams and 


crane or swing span, with its its pivot on one of the lock- -walls. when in 
use for ¢ closing the lock- -opening, the girders rest on the top of the back- fll 
with their axes radial (Fig. From these positions they are raised by 
handling m machinery, ‘the swing ‘span ‘is revolved, and the girders are 
placed one above the other, with their ends” in the. recesses in the side walls. 
‘This operation is is reversed when they a are being x removed a after they have s — 


a While the dam was built primarily for checking the flow of water in case - 


of accident, the same girders are also used to form a coffer- -dam at the a4 


eens, 


or r lower « end of ‘the lock when it is desired to pump it out completely, and 
all the lock- -gates for inspection, painting, and repair. When 
4 girders are to | be used at the lower end, they are lifted f from their seats in the — 
sewage yard by the revolving crane and lowered into the water i in ‘the posi- ; 
ia indicated by the dotted outline i in | Fig. 7 . They are are then floated through — 

the locks. ¢ course, it was. necessary to add vertical seats for the girders at 
lower end of the lock, a ‘simple form of hoist was also” for 
4 


ordinarily used in transit. will be seen ore 
4 the additional entailed was quite moderate. 
a In order to give a _ clearer understanding of the construction an and operation a 
_ of the dam, ‘it has seemed be best to describe its various parts separately. They can 


—The Swing Span, « or Revolving with the Mechanism 


are of box- form with plate- and ‘ide-plates 


Tong 0 -all, and ft. 94 Ww 


- und that at least one dam of the kind had “a 
‘ent Canal, although on a much smaller scale, 
— 
= 
» 
— 
: 
— 
Hower ss 
_ well as the upper end of the lock, are designed so as to float when ‘free from 
pted for floating. All the girders are 84 ft. 
a . ide horizontally at the center of the span. if 
et weight of the heavy girders in the dry is _—S 4 oa 
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174.000 Ib. le these, both the web an nd are 


" at When the lock is ‘pumped out the girders are under maximum hydrostatic ; 


e pressure, the water extending to the top on the upper face with ‘no water on 


the lower side. While this maximum head will act’ only on on the bottom — 
= girder, it was thought best to make all the “heavy” girders | of identical con- 
struction to guard against errors in placing them. wr 


— When the girders are , being lowered into place under emergency conditions 
that i is, when there is a flow of water through the lock—the horizontal pres- 
“sures are a combination of the velocity head due to the flow and the static Phy 


Ah ead at the various levels. The computation of the loads due to these condi- 


tions is is quite involved. In this case, possible conditions have 
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‘Fig. THROUGH THROVGH pes IN WALL, 
ib STOP- -LoG GIRDERS, SECTION rit ‘SHOWING, ‘BRARING AND GUIDE- PLATES. 
or Fic. 7 


_ As noted, ‘ainsi of the girders are arranged for flotation, but when they ai 
being lowered, they must be filled with water, to insure their sinking. “This 


~ made it necessary to supply these girders with a sufficient number of openings 


with adjustable covers. ‘These o openings also allow the water to flow out 
of the ‘girders: at a proper rate when are being raised, thus guarding 


“against an over- ‘load the hoisting machinery and excessive. stresses in the 


In operation, pressure exerted against the “up-stream om 
side of the girders produces frictional resistances between the bearings and the | 

slots i in the side walls. Much study was given to the proper design of these 
bearings, shown i in Fig. Thile roller bearings would have reduced the 


friction materially, it was thought best to avoid devices that ‘were complicated 
and subject to corrosion in the brackish water of the lock. It would also have ' 


to > provide separate means toi insure water- tightness. fixed 


and of, cast iron at the lower, end of the 


axes, to adjust. 


‘apers, 
— 

— 

— 

af, 

4 
att a 
> 

— 

they are of bronze at the upper, 
The bearing plates on the se verar pirders are Or and are made as 
rockers revolving slightly about their vertical themselves to 
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inequalities from « errors in or from deftections of the girders 


ped out and the girder i is ony 


Wa ater-tightness along the horizontal joints between the several ‘girders 


me also between the lowest girder and the bottom of the lock chamber is 


insured by continuous is metalllie bearings along the down- stream flanges. -'These 
joints also have proved to be tight. At their ends, the girders are fitted with 
vertical steel channels. _ Similarly, continuous bronze guide-plates are fastened 


Ll 


ie This description covers all parts of the stop- -log girders, except, some me- 


‘ chanical attachments, which | may be described more properly in connection 


—Swixe Span, or OLVING Cr: ANE, WITH THE MECHANISM 


=< T URNING Ir 


_ The s structural work of the revolving crane has the general appearance of 
a railroad swing bridge with unequal arms. 7 The longer arm is 104 ft. from 


Wei 
s the p pivot to. ‘the end, the ‘shorter, 52 ft. 5 in.; and tlie width between the 
centers” of ‘trusses is 16 ft. 6 in. All are riveted. There are the 


usual top and bo bottom lateral “systems v with transverse and diagonal members, 
iO gata 


besides the secondary structural parts that support the hoisting mechanism. 


At the end of the shorter arm is a a heavy concrete counterweight. | The : span 
is earried in part on the central pivot ; - in part on wheels traveling. on a 


circular track 82 ft. 2 in. in diamet er. = 
The details of the pivot are shown in Fig. 10 and a diagrammatic view of 


‘the device for attaching» the hoisting hooks: in ‘Fig. 11. ‘The pivot has an 
upper disk of phosphor bronze, 18 8 in. in money which turns with the span; : 


Ps and a lower ¢ disk of tl the same ‘size made of forged steel, which is secured to a 
steel casting | resting on the ‘concrete. (Fig. 10). The wheels that travel on the 


circular: track are are eight i in number. Their diameters are 2 ft. 6 in. and the 
- = of face is 5} in. They have cast- steel centers and rolled-steel tires. The | 


axles are 7 in. in diameter and turn in journals on four truck 
steel bolted to ‘the lower side of the bridge truss. nol an rou 
: The swing span is turned about the pivot by a system of gears operated by 


75 h. p., electric motor, the type of ‘mechanism being that commonly used 


Th 


“4g in draw- bridge ‘machinery. 1 The > principal details are shown i in Fig. Ne tha ( 


Stresses in Truss Members and Reactions on Pivot and Truck W heels.— 
e loads carried by the truss” are: (1) The dead load, which consists of the 
truc ctural steel, the machinery, the concrete counterweight, and various ‘minor 


— ‘and (2) the live load, that i is, t the heaviest stop-log girder 4. i a 
g 


m 


"The calculation of the and reactions presented som interestin 


uo features differing from those met in similar structures. It was s thought worth — 
. therefore, to include i in this paper, a tabular’ statement of the stresses 


A’ and reactions which occur under various cases of loading (Table 1 1) and a 


diagram (Fig. 13), an outline oft the he truss, together with the panel loads 
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In Table 1 the make-up of the various members is given in Column - (10). 7 
3 The size of the concrete counterweight (277 000 Ib.) was computed to balance — = 
the whole dead load and one- the live load ‘that the reaction against 
the truck at Panel Point 9 (Fig. 13) when ‘the dead load alone is being car 
ried should be exactly the same the reaction at Panel Point when ‘the: 


carry the ee wey In the case under Column (5), Table 1, , all 
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the load is. carried by the pivot, Panel, | Point 8. ‘This condition 
' prevails for an instant only while the girder (live load) | is being picked up or 4 


| set down by the hoisting machinery. The assumption in Columns (8) and (9), 


ail 


Table 1, ‘corresponds to the girder containing 1. 43 ft. of water, a condition that a a 
Prey ails for a few seconds when the girder is being drawn out of the water vant 


ata ‘speed of 380 ft. per min. The details of the various loads carried by the Me 
In tl the ‘computations, both of ‘the as 
this condition will prevail practically at all times. Tt was deemed best, how- 


ever, to fix the « end of the vertically when - the truss has been swung 
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work: therefore was attached to the truss at Panel Point 0, the “ak 
the truss can be slightly raised by a screw-jack attached to the framing. 


‘Under these conditions, a small part of the dead and live loads i is supported — 
by the side wall, but the stresses in the t truss are only slightly, changed (Fig. 1) > a 
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MOMENTS ABOUT PIVOT(PT 8) 
M: Dead Load Only =2 632 100 ft. ad 
M: Live Load Only=5 264 600 ft. Ib. 
1M: Dead Load and Live Load= 
Fic. 13.—DIAGRAM OF TRUSS. GOVERNING STRESSES IN VARIOUS FOR ONE 


Hoistxe MACHINERY FOR HAnpuna GIRDERS 


Hanpune THR 


ves The e hoisting machinery includes not only t the hoisting engine proper, but © 
£ also the cables with their sheaves, the so- -called. “sinker castings,” the ‘hooks 
or lifting the girders, and certain devices for detaching the s from the 
| fort the girders, and certain d for detachi the hooks from the 
girders, after the latter have been lowered into place. These last devices are 
“important features of the e dam. ‘Their “design proved to be quite difficult. 
a The general arrangement ‘of ‘the: “machinery is given in Fig. 7, while Fig. 
shows the hoisting engine on a larger scale, as well as an outline of the 
dleetrie apparatus connected with ‘it. Tt also shows a small hand- operated 
ge engine forming a a part of the ‘machinery used in detaching the ho Oks, 
details of these two engines were developed by the contractor for t the 
The | two main hoisting cables consist of 7 in. by g-in., flat, steel ropes. 


g of One end of each rope is wound about a separate drum in i hoisting engine, 


the two drums being connected by gearing and driven by a ‘single 300 h. p. 


electric motor. ‘The other end of the rope passes around three 30-in. . sheaves, 
- multiplying the lifting power threefold, and connects with the massive hook 
from which one end of the girder is is suspended. — The journals for two of these 
ae at each end of the truss, are bolted firmly to ‘the structural work, i 
while the third ‘sheave moves up and down as the hook is raised or lowered BA, ; 
A bight of the flat rope makes a half- turn about this sheave, while the enc end 
of the rope is fastened to a clevis | through which the axle of the sheave passes. 


From the | same axle a , riveted structural frame is hung, to which the hook 


suspending the girders is. is ‘connected. Figs. 11 and 16. 15.) 
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_ Sinker Castings.—The “sinker castings” are two massive blocks of cast iron 


a “(each weighing | about 85 000 Ib. » which are suspended from the axles of the 
movable sheaves just ‘mentioned. ‘They are shown on a small scale in Figs. 
+ i and ‘11, and in greater detail in Fig. (15. They 1 may y also be observed in 


g 
TABLE 2.— 


Castings and turning machinery BB 892 
Concrete and windows in machinery room 50 200 — 
Creosoted timber in footwalks, etc 10 919 


‘Total dead | load 


‘Liveload: 
One stop- -log | girder in . 


Total ‘Goad and live load.. 


‘The purpose of the “sinker castings” is to increase the weight, ies ae 
to overcome ‘the frictional resistances when the ‘girders | are being lowered in 


their recesses. This i is of ‘special importance in an emergency, when the flow. 
of water through the lock produces” lateral forces, increasing. the friction. “se 


a order to utilize t their extra weight, the sinkers, of course, must rest directly | 


on the top of the girders when the latter are being | lowered. _ This was insured 
(as may be seen in Figs. 11 and 15), by g giving an ‘oblong § shape to ‘the holes . 
3 in the castings, through which the axles of the “movable sheaves” ? pass. — _ 

. ont will also be seen that the structural member from which 1 the hook is. 


pended passes directly through | the sinker ‘casting, and that certain me 


anical details, forming | a ‘part. of the mechanism for detaching the | hooks, 


a are fastened to the sinkers. 


i Attaching of Hooks. —The hooks for supporting 1 the girders y when they ~" 
_ hae a being raised or lowered (Fi ig. kid are of forged nickel steel a nd a are suspended — 


Prius from pins 5B in. in diameter in a riveted frame within the sinker casting. 
“When carrying their load these hooks engage in. pins fastened to the 


inside of, the girders. Z The center lines of the e upper and lower pins, s, when 


hooks are: attached, are in a vertical plane passing ‘through the center 


gravity, of the girder, which hangs vertically. 


; The hook i is entered and withdrawn from the girder through a lot 7 
sale and 2 ft. 3 in. long i in the top plate of the ¢ girder. | As m: may be seen a 
: ‘Fig. 16, this and of ‘the are such th that the 
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latter, lowered, will be deflected sidewise and enter the slot. On being 


lowered farther inside the girder, the hook swings to a vertical position, 


and then, upon ‘being raised, engages the hoisting pin. 
Detaching of Hooks.— —In order ‘to detach the hooks this process i is reversed. 


—_— are first lowered slightly to clear the hoisting pin, , then deflected sidewise, 


10 “Ig. with 1 hole 


pouring Mortar 


SECTIONAL ELEVATION to be reinforced lightly 
to prevent cracks 
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Fic. 14.—PLaN HINERY HousE AND COUNTERWEIGHT, EMERGENCY INNER 


Two provided for this purpose. The | first of these is the spring 
£ shown in detail in Fig. 16. It forms a permanent ‘part of each g girder. stem 
sf “33 projecting from the bottom plate near the end of the girder is forced upward | 
rey are when the girder becomes seated, compressing the e spring, so that its thrust 
pended is transmitted through a lever and the hook is pushed sideways. 
asting. This device, which operates automatically, comes into play after the girders 
the ME have b been deposited | in the recesses in to shut Off the flow 


of water through the lock or to permit its unwatering. 
center 


a , ft this « case, the ends of the girders come to a solid bearing on the floor, 
on the girder next below, and the projecting stem is forced upward. The 


hooks, 


in. 

: automatic spring device cannot be used when the girders are placed on their 

‘ pat the eats in the storage yard, since under these conditions the ends of the girders 


will ie bey ond the supports. ‘Similarly, of cour course, it cannot be oils hie 
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Steel Plates 
Hole for releasing 
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Position of 
, Hook when it 


of Girder 


Center Line 


7 when ready to be x 
withdrawn from 
Girder 


5" Steel Roller 


1 C. Separator 
and weight 
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RELEASING EMERGENCY Dam, 


Manganese 
Bronze 
Casting 


Outer Spring 
1’ dia. of Steel rod 
914" dia. of toc. of rod 
Length closed Pa) 
Free length 18° 


5¢ "dia. of Steel rod 
7'dia. of coil c. toc. 


ix ~~Manganese 
0) 


SECTIONAL ELEVATION FRONT ELEVATION 
"operated -in. wire rope connected to ‘the hand- winding "machine on 


the end of the truss (Fig. 14) ‘This deflects the hook by bearing 
4 its horizontal ribs that it can be hoisted through ‘oblong 


4 In order to ‘prevent interference between + the two devices for ‘ete 


a horizontal displacement, and to guard against accidents” in lowering the 


the second device is so that it will operate uly when a “in. 


2639 — 
a end for use as a coffer-dam. For service in the last two cases, a hand-operat ed a 
| ee has been provided. _ This device is shown in Figs. 11 and 15 — —_— 
7 essential feature is a lever hinged to the vertical flange on the hook and _- 
my — 
| 
| 
4 
— 


INNER NAVIGATION CANA 


block of steel, called “the dog,” i is. in place. ~ When the spring mechanism is 


relied on to deflect the hook, this dog is released before attaching the hook 
making the hand- -operated device now. , in 


rope ‘breaks, , there will: be x no- the becoming 


the girder to fall. 


OPERATION oF THE Dam 


the 1 motors ‘ae revolving the draw-span and for r: raising and lowering the 
girders are o operated from a small enclosed cab or platform suspended from 


_ the truss near the 1e end of the Tong | arm (Fig. 17). ‘This position of the cab 

enables the attendant an “unobstructed view of the storage e yard and 
of the girders when they are being swung into and lowered. . “All 

ie: principal | operations are under the control o of one man, although a few 
others” are required in the storage yard and | on “the lock walls, However, 
this does not ‘mean any addition to the ordinary lock force. ¥ Fig. 17 penile the. 4 


completed draw from above, . while Fig. 18 is a view of the dam cama ond _ 


_ Experience has” shown that it requires 7 min., on the average, to pick all 
a ‘iden | in the storage y ard and lower it into the lock “recesses, and 12 min 
= raise it from the lock a: and replace it on the back- fll. 


the complete 


> 


of eight girders these figures correspond to cycles. of 1 hour and ae } hours 
a - respectively, or about the —_ time in each case as that — for operating 


‘Comparative Costs 
already stated, the New Orleans Dam has sa ili of being lower i in 
first cost than structures serving the ‘Purpose previously buil 


parisons | of this kind are difficult, owing to differences in the dimensi 
various works and the conditions under which they were built. 
However, the depth is almost ‘identical in 1 the New Orleans Lock and 


"several of those « at Panama, that it seems while to. quote the cost 


of each from the records. 


Panama Canal —In the Gatun and Pedro Miguel Locks, it in which | th 


oS lock chamber i is aol 7 ft. deep and 110 ft. wide, 1 with a -cross- -section of 6 017 sq. 


ft ride, with | a cross- idles of 4 195 s q. ft., and the costs were: te 


as The Panama we work was done about 1912, atv which time the cost of struc 
steel was unusually low, while the New Orleans Dam was built under 
World War conditions, the labor and material at site being fully twice 
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ERGENCY DAM AND SWING SPAN FROM L 
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‘ie in 1912, 


and “some minor parts, was furnished by the lowing come 


—_ span, including tu — g machinery. Bethlehem Steel Bridge Corporation 


The structural was divided between two firms i in to ‘expedite 
work which was begun during» the World War, i its speedy completion 
being important from ¢ a military ‘standpoint. 
_ ‘The Consulting Engineers for the Inner Navigation Canal were George W. 
Goethals Company, the writer being retained by the Commission of the 
Port. of New Orleans: to prepare the designs for structural, , mechanical, 
electrical equipment of the lock. plans for this part of the work 
were nem in his office. Special credit should given to F. E. ‘Sterns, M. Am 


Soe. C. E Principal Assistant. 
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a 
of the outstanding features of Al Malaiksh 


Combination pin and riveted balcony truss, 168 ft. span, weighing 250 


aie Steel balcony cantilevers with a 45- ft. over-hang; i 


Stage with double asbestos fireproof curtain, probably the e largest. 


Reinforced concrete stage roof arches | supporting steel gridiron, which - 

functions as a tie for the roof arches; 

Seating capacity of 6 550 in orchestra and 

Reinforced concrete proscenium arch, clear span of 100 ft; 

aes 1,79 _ Ventilating system supplying 750 000 cu. ft. of air per min.; and 


Stage and main chandelier, probably the largest yet con- 


~The Al Malaikah Temple in ‘Los Angeles, commonly known locally as the 

4 ‘eae Civic Auditorium, i is the new home of the ancient Arabic order, Nobles 
of the Mystic Shrine. a is located at J efferson, Royal, and Thirty- second © 


‘Streets, the site , of the old Shrine Auditorium destroyed by fire on Ja anuary 12, 


lemple nearly 3 acres (Fig. may 


8 units, as follows: 


discussion on this paper will be closed in April 1928. = 


— 
a 
 &§ 
| 


= 


ete.s ; the Hall (Fig. 4), with a large basement for public 


s; and a kitchen wing, with facilities fo ng large | — 


a The construction throughout i is s reinforced concrete, except the roof trusses 
the Auditorium, the trusses supporting the ba leony, and the ¢ gridiron over 
the stage, which are steel. 


HE AUDITORIUM 
Auditorium Section of the Temple is 200. ft. and 294 deep, 
the stage. consists a reinforced concrete frame with exterior 


concrete The roof is constructed with a ‘reinforced concrete 


; joist system, | which is ‘supported « on ‘structural steel purlin ‘beams connected to 


1 The Auditorium on the south n side | contains ample dressing- -room faciliti 


: including suites for stars. Large dressing rooms for male and female choruses 
are located in the basement under the stage. ' The musicians have a rest room 


4 and 1 locker facilities. a ~All the dressing 1 rooms pan efficiently ventilated and ind have 


‘Potentate, ‘Veterans, and various auxiliary organizations of 


Shrine, ‘such as the Patrol, Chanters, band, ete., are e provided with complete 

7 facilities | on ‘the second floor on | ‘the south side of the Auditorium, w hich 

‘include a kitchen and large dining room. 


_ The nor north wall. of the Auditorium is equipped with steel rolling fire doors, _ 
80 that it can be shut off entirely from the Banquet Hall when desired. The 


large Banquet Hall, or Pavilion, contains 101.000 sq. ft. of floor space, includ- 
ain a large basement used for exhibition purposes ; also, ground and second 
and serving rooms of capacity large ‘enough to serve 10 000 "people. 


‘The reinforced concrete roof of the ‘Banquet Hall (Fig. 4), is supported o on a 
series of beautiful reinforced concrete Saracenic arches, having a clear span — 


ne ‘The entire ground floor of the Pavilion i is finished with - white maple 
—= laid on a patented floor ‘filler, ealled “Nailcrete”. ‘The Pavilion 
is used for art exhibits, civic expositions, and Jarge balls. It has a clear 


ceiling height of in the basement, where machinery or automobile 


displays can be installed. Automobile Tramps are provided from the ‘Thirty- 


second ‘Street front to this level. MY, The basement is” ventilated by a a forced 


“circulating system, the foul air being exhausted at the floor level in order to 


accommodate automobile exhibits. 
From a theatrical viewpoint, the Auditorium is one of the largest con- 
é structed to date (Fig. 2). Its stage, 12 ‘ft. deep and 192 ft. wide, one of the a 


— largest i in the world, was designed to give ample : room for the elaborate rituals ia 
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IOR OF THEATRE, SHOWING ABSENCE OF COLUMNS. CHANDELIER 
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ENGINEERING FEATURES» OF LARGE THEATRE BUILDING 


_ of Shrinedom, as well as for grand opera a and great theatrical spectacles. The 4 


7 ‘orchestra pit can accommodate ~ 200 musicians. . The proscenium opening 
(Fig. 5B) has a clear : span . of 100 ft. and a height of 37 ft. at the crown. The 
main floor seats 3 200, and the balcony, 3 350. With the exception of 22 seats 

ind baleony « columns, the e entire “audience an unobstructed view 


the stage. _ The stage has a Y seating capacity of ri 700. Itt will be noted that the 


} 


seating exceeds that of the main floor. = he 


ig Preliminary ¢ designs | and | estimates were made for three d different systems of 
truss: framing under the balcony (Fi ig. 6). rf Scheme C was “recommended as 

being the most practical, economical, nd rational because: fers | 
2.—Only two steel columns were required as dlaldeoa to four in other r 

& —It contained fewer auxiliary trusses than the 
2 4.—It was easier to erect, having fewer units and simpler connections. 


5. Thee were fewer complications relative to 


— 


the trusses, "which was very 

considering the reinforced nerete balcony deck 

ne 

he entire design , ‘involved “no extraordinary 


main balcony risers and treads are reinforced concrete, supported by | 

steel cantilever trusses (Fig. having a minimum over- “hang of 45 ft. 


- hich, in turn, are , supported by a main balcony steel truss (Figs. 7 and 8). 
a This truss is, doubtless, the largest steel balcony truss yet constructed for the 4 


yurpose. It weighs nearly 250 tons, and has a clear span of 168 ths It i is « of 
interest that the balcony truss ‘etnitnair teeta to displace a a single se: seat 
one each side of the Auditorium nearest the aisles adjacent to the w walls (shown 
at a, Fi g. 3), instead of outside the Auditorium walls, which arrangement 
have increased the s span 20 ft. ‘The obstructed view fora a few seats 


ely as compared with the ‘increased difficulties in design 
greater cost if 20 ft. had ‘been added to the span of the main: balcony — 


I As ‘iti is necessary to have s sufficient clearance ‘through | the center part 0 of 
this main truss for the balcony exit passageways, pin joints and « eye-bar diago- 
nals were used instead of the usual built- up members| and riveted joints with — 


larger gusset- plates. Riveted joints were used where practicable to obtain gen- 
- stiffness. Where pins were nickel steel was chosen particularly 


to reduce the s size of the pin- -holes in the lower chord. 


STEEL STRESSES 


xcessive ‘moments and restraint due to the large angle of rota- 


of the column 
joint on a of of friction of 0. 25, indicated that ‘the column must 
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‘resist moment due to pin friction before the pin could rotate. Few data data 

- available relative to the friction of pins in steel trusses. This an 

Daag from Professor Fépel) is, at best, only a an approximation. for this | con- 


> 1= 13. Tons 


4 


i. 


Total 388.5 


Weights 
2T7-2= 70.8 " 


8 Cantilevers 
= ons 
Weights 
= 206 Tons 
2 T-2" 28 


| Cantilevers 38.2 
Columns 8.0 


Wt, =8 Tons 


FOR STEEL TRUSSES UNDER» | SHRINE 
& Except for the stresses, the design of the balcony truss ‘was ‘ines on the 
! pes of the Society’ s Special Committee on Specifications for Bridge sirege4 


Construction. The stresses recommended by the American Institute of of 


Steel Construction, were a adopted. The stresses used for nickel- steel | pins were 
‘ 86 000 lb. per ‘sq. in. in the extreme fiber for bending, 30 000 Tb. per sq. in. 


Due to the ailiaiitaiial size and unusual design of the main balcony © 


‘truss, 7-2, with its combination pin- -and-riveted connections, a a careful analysis 
of the secondary ‘stresses: was made. computed restraining moments 


~ the pi pin joints were rather uncertain as the coefficient of friction of the nickel- 
re 9 el pins was an unknown factor and had tobe assumed. gg ~~ 
: .. * Final Report of the Special Committee on Specifications for Design and Construction 
Railway Bridge Superstructure, Am. Soc. C. E., Vol. LXXXVI (1923), 
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Maney’ arrangements of Mohr’s methods are much simpler, 
concise, and involve less time than other commonly accepted “methods. 


results to determine probable localized exce excessive stress: 


Change: in the distribution due to changes in 1 the 


section of members (particularly at joints), to gussets and splice 
members, also to fabrication conditions. % 
(2) Effects of changes in moments of inertia in members between joints. 
(3) Variation between the theoretical length of a member between ry 
axial intersection points and the actual length between gussets. — 


Elastic deformation of the gusset-plates, initial slip, and distortion 


of the rivets, and degree of frictional resistance ) between riveted 
(5) Unknown frictional ‘resistance of pin joints. 


computing “the deformations in the various the areas” 


_ were e used, no allowance | being made for details or for changes in section at 
the connections. Mohr’s successive approximations (to the third substitution) 
ae 


were ‘etilised, which gave results accurate enough for all practical purposes. 
All | computed secondary stresses were checked by another method of ei 


maximum | of 24 000 ‘Tb. per sq. in. was allowed for 
secondary stresses. effort was made to modify the secondary 


Stresses due to dead load conditions by lengthening and shortening the v: various 


‘truss members in the amount of their - respective deformations, which neces- — 


=4 = the use of hydraulic jacks, steamboat ratchets, and tapered drift- pins 
ns. As As the dead 


‘sq. the seats” beir.g fixed, the writer deemed it advisable to by, 
2 ‘proper erection methods, to eliminate in ‘some degree the stresses: 
due only to dead load ‘conditions. While considerable foree had to be ‘used 


to spring ‘the various members into place, little. difficulty. was experienced. 


to the comparatively. small deformations of the truss members under 
dead load conditions (Fig . 9), and the impracticability of obtaining ‘ae 


extreme accuracy in in ‘the structural, Shop work, secondary 


Stresses probably were not eliminated to the desired extent, as subsequent 


-strain- -gauge measurements have indicated. 


Some difficulty was encountered with hand- reaming. ‘Due ‘to lar ge holes 


ry + 

a jn.) and thick built- “up members, it was difficult for the reamer crews to 
. keep the Fopmers steady, there being a tendency to wobble the reamer, which 


resulted in a few _over- size 


ea ee: * “Secondary Stresses and Other Problems in Rigid Frame,” Bulletin, Univ. of Minnesota, — 
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Fig. 8.— DETAIL OF MAIN BALCONY Truss, T-2, SHOWING PIN CONNECTION TO Jack Trus 
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Some had ‘been expressed the ability and facilities 
“manufacturing: the large truss near-by. Its successful fabrication and erection 7 


_ by a Los s Angeles contractor (The Llewellyn Tron Works) was an achievement 
46 8 10 12 14 16 4 


COLUMN readings betore and after DEAD load A 


B_ was applied. == pounds per square ¢ 
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~ This baleony 1 truss was delivered to to the job ii in 1 sections, the same (center 
lower chord section) weighing 47 tons and being 80 ft. long The truss v was 


erected 0 a steel substructure consisting of the same members as were ‘used 
2 in the falsework for the roof trusses. - The lower chord sections were first: set 


on the ‘camber screw: jacks. The members were “next placed, followed 


No unusual difficulty was ‘experienced in forcing the vari members 


into their connections, and the pins were driven home without any undue 
effort. Prior to riveting, at least 30% of the holes in the connections were 
bolted tightly. No trouble was encountered i in driving the 1-in. rivets (some 


££ with a maximum grip of 53 in.) by ordinary pneumatic hammers, with 120-Ib. 

pressure. Comparatively few rivets were rejected. 1-in. rivets known» 

B as “swell-neck” rivets, were tapered a full we in. for 1 in. 


tarting at the head. 
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_ The taper on large helped materially to the holes * 


rivets, especially where the bivet | grip was ed hed: tdise ob 


The general layout of the balcony framing i is shown in Fig. 10. ‘The jack — 
_ trusses, T-1, tend to | equalize the overhang of the cantilever trusses, which | 
"project a maximum 0 of 45 ft. beyond the main balcony truss. It was 3 desirable 


_* prevent excessive and unequal deflections of the ‘structural s steel trusses 


supporting the balcony, particularly the cantilevers, and the possibilities of 


cracking and otherwise shearing the ‘relatively y thin monolithically finished 


row 5-in. risers of the reinforced concrete balcony framing. 


q slabs and narrow 
Hence, it became necessary to design and arrange the balcony trusses so that 
eee deflections would be relatively uniform and slight. Deflections of the 


various trusses carefully ‘computed by Williot diagrams and checked 
analytically. deflection of the cantilever trusses 
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iStrur 


Top 
is 


9p Chord Strut 


pat 
The cantilever balcony trusses were cambered | for dead load 1 by offsetting 


: ° the rivet holes at the fulcrum connections in 1 the gusset-plates on the main 
ey truss or the jack trusses, : as the case may | be, the top holes being set back 
fmNy, and the bottom holes brought forward. The rivet holes in the gusset- -plates 
at ‘the fulerum connecting the cantilever trusses to the main truss or jack 
trusses were drilled and reamed in the field after the cantilever trusses had 
been ‘supported i in their ‘Proper ¢ cambered positions by ‘cables with -turnbuckles 
secured to the roof structure. In adjusting the cantilever trusses to their 
ae proper camber the milled joint att the heel or fulcrum in the bottom chord was 
4 displaced so that the abutting faces in the joint were not in ‘proper contact. 


‘This: was corrected in a by filling the gap with 
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an 


Electric was found to be an excellent: for fall, 
-to- metal contact where milling of inclined surfaces” cannot be made 


uniformly tight. The joint should be properly scarfed to allow the metal to to 

be fluxed or built in to the inner side of the joint. _ Electric welding does 


not overheat, and possibly injure, the adjoining metal as will often result 


7s 


rom the use of the oxy- untglene torch in such operations. po 


CurTine Our Rivets 


"Where rivets had to be removed the oxy-acetylene — was used to es 


' 
Zz advantage to burn n off the button of the rivet. This operation, however, — 


hould be performed only b ya ‘mechanic experienced in using the torch, 
_ otherwise the metal in the joint may be injured. The cutting flame » should 
be applied to the | side of the rivet head at right angles to, rather t than parallel — 


the shank of the rivet. “ It i is not always necessary to burn off all the 


- metal in the rivet head, nor r should the cutting flame enter the rivet hole. rt 
Cutting out rivets the oxy-acetylene torch is preferable to the usual 


method of knocking off the head by y heavy sledges and incidentally loosening 


or jarring o other rivets in the same group as well as possibly destroying the ‘- 


"frictional re resistance between een plates in t the joint. 


* 
Prior to enclosing the balcony steel with a 2-in. hice of cement mortar = 


‘ 


as fireproofing, a ‘series of extensometer measurements was made on various 
~ members to ascertain to . what extent the secondary stresses, due to dead load | 


conditions, were relieved or modified, and to obtain a check on some of the 
primary stresses. ~All measurements were made with an an 8-in. Berry (lever- 
type) gauge. Comparative measurements were made on ‘standard bar for 


| 


The gauge holes were made drill, using a dein. bit; the 


‘surface was with a an -in. bit. Extreme care was ‘necessary to obtain 
_ reliable and accurate readings. The average of three measurements was used. — 7 
‘kk A slight difference in pressure on the points « of the gauge when applying the a 


_ extensometer produced considerable v: variation in ‘the readings. The points on 
the gauge seemed to have too great a taper, being about 60 degrees. > Points 
ty with ‘sharper tapers, about 30° , and smaller gauge holes, — 


doubtless, would give m more accurate readings. 


Readings to the number of taken | on on the truss. Due 


ES were taken to demonstrate, in a practical way, | what members 


under maximum § stresses. From the results obtained it appears the 
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maximum measured stress was well within safe limits. = = 
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_ The measurements indicated that the results of the field methods to modify 


ge 


the computed secondary | stresses. were rather uncertain, possibly due to rela- 
tively small deformations and i inaccuracy in shopwork, ae taasale the calculated 
‘secondary stresses did not fully « agree with the measured stresses (Fig. 11). 


Ak 


Doubtless this was | due to. the “several modifying effects. already mentioned, 


— 


aie 


_ Although there was a lack of agreement between ‘the computed and meas- 


pe 


ured secondary stresses in particular structure, | spent to 
— ealculate the secondary stresses were not entirely wasted, because the analysis 


“indicated to > the designer which members in. the structure were re expected to 


in accordance with the tare of the designer, in esi members ; in which 


_ excessive secondary stresses were indicated. | The most highly stressed members 
ecording to the secondary stress calculations were found to have the maximum 


Iti is to note that the strain-gauge readings on ‘the main steel 


= unit ‘stress, 8500 Ib. per sq. in., , to allow for increased stresses” due ~ 
bending and other causes, which could not be computed accurately. Each « of 


efeny these | columns i is s braced near its. top by three 10-in. H-struts to the reinforced 


-conerete wall: Note. the variation stress distribution on the 


‘Truss, T- 1 is attached - at one end to the main balcony truss by a pin 


_ connection in a large steel casting resting on a built-up ) stool between the 
og web members of Truss 7-2 (Fig. 8). The other end is. supported on a are 


inforced concrete wall column. The chords of Truss 7-1 consist of two 


-15-in. channels, with 8-in. Bethlehem H web members. _ The bottom chord 
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Papers.] "ENGINEERING FEATURES OF LARGE THE. ATRE BUILDING — 
in the end panel s soutien: of the balcony truss, J-1, was composed of two 8-in 


standard eye- -bars” to. avoid clearance difficulties. The pin joint connecting 
Truss T- to the main balcony truss, T-2, diminated any possibility of 


excessive | restraining ‘moments due to the varying deformations of the con- ‘: 


‘There’ are eight cantilever trusses (Fig. 10), four of which are directly — 


. ‘supported and connected on the main balcony truss, 7’- -2; the other four are a 


supported and connected at their fulerum points to the jack trusses, T-1, 
The center four ca: cantilever trusses are riveted at their fulerum 


directly to the of the main baleony truss, which is com-. a 


-in., , rolled steel ‘slab to to ‘the ‘column below. 

be more more economical to use a reinforced concrete the foundations 
to the first floor level than to extend the steel columns to the footings. of ~~ 
‘The structural ‘detailing of the baleony framing, which w was done by the 

+ “Llewellyn Iron Works, of of Los Angeles, and checked under ‘the writer’s | -direc- 4 
involved some very intricate problems, especially with reference to clear- 


erection is an n accomplishment worthy, mention. 


i order to stiffen 1 the ends of the cantilever trusses and reduce their -—— 


tions to a minimum, a a a double web plate girder section w was used, a as shown in 


ig. During erection, the plate girder sections were given | a camber by 
offsetting the rivet holes” in the bottom chord i in the joint connecting them 


Sa to the open web section 1 of. the truss. The chords were built of 8 by 3-in. 


iu angles, latticed and p laced 1 ft. 3i ‘in, back to back, which width added to the | 
lateral stiffness. ‘The anchor, or wall, ends of the trusses were 
“secured to anchor- -bolts 0 on top of reinforced columns. 


he Special | attention was: given to the design of the — bracing through- 
the baloony framing. The cantilever trusses were sway- ‘braced in 


and vertical planes: by angle cross- bracing and struts in the form of 


gal in n bracing the: ‘main baleony 1 truss in addition to the four horizontal 
. boxed latticed | struts which braced the ‘upper chord to the e rear wall Fig. 8). es 


anchored above i in the concrete deck of the balcony. 


= To avoid a any possibility of the concrete balcony eracking along the Audi 
-torium walls, due to deflections of the supporting trusses, a construction joint” 


Sar 

placed in the concrete deck, midway between the Auditorium wall 

“the djacent cantilever trusses. Although the balcony has been loaded to 


“capacity up te times, no eracks i in the conerete decking have been observed 7 


ig ‘The local ‘building ordinance required a full live load test of ‘the baleony, 
which was accomplished by using metal plaster barrels filled with water. After mt 


the test the water 1 siphoned from the barrels. 
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of of the ‘arches 3 is s supported by the } proscenium ‘arch wall. 
The arches were designed as partly fixed (Fig. 12). Turnbuckles were placed 


form: the herizental tie and to ‘produce a small ‘amount of initial ‘stress 
n the tie prior to stripping ‘the forms. a The gridiron floor proper consisted 
of f flats 4-i in. b by 8-in., spaced | 7 in. on centers, which construction resulted in 


; considerable saving as _compared with the usual channel sections. The grid- é 
- iron floor was designed for a 1 live load of 100 Ib. per ‘sq. ft., which has proved 
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al yi Fic. 12.—STacE Roor ARCHES. 


The stage roof arches were in Rag operation, 


ae ing from each springing line and wo 


th 


. By: casting the arched roof slab with concrete 
., Cover boards: were found to be unnecessary. The 
roof arches were pub: with a concrete having the proportions of 1 part cement 


proscenium arch (Fig. 18), has a clear span of 100 ft. This arch 
14) 


was computed as a girder with partly ‘restrained ends. Particular ‘attention 
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n 
under each roof arch to the stiffeners in plate girder 
"struction. A flanged head, or tee, in the top of the proscenium girder 


"Tie | 


¥ In. $q. 18"c. to 
C.L. Arch 


Horiz. & Vert. 


@™ 


20-194 In. Sa. 
34 Ing Ties 15 In, ctrs, 


le 
Continuous 
Ties 
In. 


Fig. 13. —DETAILS OF REINFORCING PROSCENIUM ARCH. 


es Doo to the great unsupported height of the reinforced concrete walls and 
columns surrounding the stage, horizontal diagonal brace beams were installed 


= vertical intervals i in all four « corners of the stage enclosure, which added — 
“greatly to to the general stiffness of ‘this structure. The stage walls were 


signed as two-way slabs to resist a wind pressure of 30 lb. per q. ft. ‘The 


5 — columns were ‘computed for direct stress and bending due to wind, an 


for partly fixed conditions of the roof arches. 
nee 


a v2 local building ordinance required that the following column reduction 
en t upported length exceeds fifteen times the 


‘ P = permissible load due to ordinary column form 


least t dimension of core. 


. per sq. ft. The 
ing consists of ‘standard steel - supporting a -wood-joist system. ‘All 


steel connections ‘were bolted ‘so that any ‘particular section of the floor could 


be removed r readily. without affecting the adjacent parts. af 4 


&§ 
> 
EWA r= 00's 
| &g 
4 
1 
— 
Ag = 
— 
Teast diamete: — 
ally whi 
ment 
— 
are 
| 
— 
— 


GINEERING FEATURES OF LARGE THEATRE BUILDING | 


steel roof trusses over the ‘Auditorium (Fig. 
weighing 60 tons, have a clear” span of 192 ft. - will be noted that these 


trusses are supported on reinforced concrete columns. 


earthquake forces and pi 


The inner walls of the are metal lath and supported by 
concrete columns and beams. . This skeleton frame forms: a system 
= braced —— with the outer walls and columns, which ‘support the roof 


Due to the area of the Auditorium and the long-span trusses, = 
it was necessary to divide the root area into sm smaller sections | by expansion — 
joints to prevent excessive deformations due to heat jlastite expan- 
joints were used with marked success (Fig. 15). 
3 The south ends of ‘the roof trusses were anchored ; ends (Fig. 14) 
were set on nests of rollers. This provided an excellent structural connection a 
for earthquake resistance. The ‘roller bearings allow the center roof and 
porting trusses to move (horizontal translation) independently of the ne north 

Bde 7 ‘supports with temperature variation, which i is also a favorable structural con- 
arn ‘dition of flexibility for relieving seismic stresses. If the roof trusses had been ~ 


anchored they would | act like rams, tending to pull or q 


for the opposing supports. 


os _ the actual horizontal movement over the rollers (maximum, 2 in.) and 


Secondary stresses were, to a a large extent, ‘eliminated bygcareful attention 
to the design of details, such : as ‘the slenderness ratio of members, the relation ; 


of width to length, the grouping of rivets concentrically ¢ about the joints, and : 
the agreement of the neutral ; axis. with the gravity axis, ete. ‘The members 
were liberally proportioned f for the primary stresses to avoid the danger of 


being « overloaded by the secondary stresses. ‘The results of the calculations i 
indicated that the combined primary and secondary stresses did not exceed 


21000 Ib. per sq. in. Because of the relative low secondary stresses, it =4 

deemed necessary to attempt to eliminate them by shop or erection 


bl 
ig. 14), consisting of ‘braced steel bents” bolted together and "resting on 


‘rollers over timber -eribbing. After all the roof trusses were erected, ‘the 


hae ‘movable steel substructure was ‘dismantled and its members were used i in eal 


temporary supports for erecting the main Daleony trusses. 


~The roof trusses” were first assembled in the shop to the 


sitions, reamed, and match- marked. The trusses were erected | by sections. 
The bottom chord was assembled first camber blocks of the ‘movable 
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SHOWING Mov | STEEL FALSEWORK, 
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ND SOLID EXTERIOR SIDE-WALL, | 


— | 
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J then ‘the web members were installed, the top chord 
sections. ‘members 1 were bolted tightly with ‘at least 30% of the rivet 
holes in the joints bolted. OA great saving in the roof steel (about 14 tons) ay 
_ was effected by using a cantilevered purlin system, with alternate double can- 7 


tilever_ and suspended ‘members, 


conditions, in which | case the most economical cantilever projection. is is 
- 0. 1465 of the distance between the trusses. ¢ For partial loading, the maximum —— 
‘moment due to uniform lozds would be increased 20 per cent. 


‘ ib 


| 


{ 


Ist Floor 


be noted that the baleony cantilever girders tended to the moments 
in the columns. ‘The | rear, or wall, columns were required to resist an ‘uplift. 
- The anchor arms of the continuous girders were projected through and above e 7 


the roof (Fig. 16), being hidden from the interior. 


was modified. foundation having largest ratio of 
dead, load selected and proportioned for the combined dead and 
live loads. ‘The dead load on this footing was divided by. the area thus formed, £ 


“" and the new reduced unit pressure was used for the dead loads on the foun- 


De Considerable economy was obtained by combining the exterior retaining 
"walls with the continuous: footings, ‘particularly under the e: east exterior wall 
of area of steel for resisting the tension due to o large 
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ge id _ The continuous reinforced concrete girders, supporting the Banquet Hall —_— 
= | _ roof, were designed as a part of a fixed frame (Fig. 16). The soffits of the roof c 
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steel in the upper part of the retaining wall. This is practically 


monolithic with the footing. The spread, or T-shape, of the footing ‘provided 


The contractor’ s construction plant; and system oft ope 
1. interest. - The conerete had to be distributed over an area of about 3 acres, 
_ which necessitated a gravity distributing system and central “mixing plant. 


71 |The he distributing tower and conerete plant were located i in the center of ‘the 


Various reasons influenced the selection | of the stage a the ‘most 
- location for the distributing tower and concrete plant. The mixer was cen 
location for the distributing tows nd te plant. The 
tralized, which, to a large extent, equalized distribution | of the concrete. T he 
bunkers and mixing” plant we were located “80 as not to interfere with the gen- 
eral” Progress <i construction, inasmuch as the ‘was to be 


memovable, 


The bunkers | a of 1000 cu. yd. of ‘sand. A cement 


storage house, suitable for handling 3 000 bbl., was was constructed adjacent to 
the plant. - For truck delivery of materials a ramp was built from Jefferson 
Street, one of the main streets leading to the site, to a grilled platform over 

ce the bunkers, where ro rock and sand were dumped diréctly | from the trucks. 
sacked cement was taken directly, from the trucks and delivered, by gravity 


nk Sand and gravel we were fed from short ‘spouts: along ‘the lower side of the , 


bunkers | into regular ¢ conerete buggies, which w were wheeled an average dis- 


was: measured ‘by. volume i in the ‘eonerete buggies. 


while important structural units which continuous | pouring 
_Wwas necessary, a duplicate plant was specified and installed. This consisted of 


‘(eating hoppers and two 1-cu. yd. Smith mixers. The main 
was 238 ft. high. Two tail towers, each 100 ft. high, were built about 300 ft. . 

each from the main hoisting tower ; a 1}-in. plow steel ‘cable, 1500 long, was 

 —_— over the hoisting tower to each of the tail towers to ‘support the Lakewood 7 ry 


chutes for distributing the concrete. ‘The duplicate plant, in addition to its 
in case of an emergency, greatly facilitated and expedited the gen- 
eral e construction, as both mixers ‘and hoists were kept i in use ‘most of the time - 
st Concrete mixed in the proportion of 1 part cement to 6 parts aggregate “4 
used throughout, except in the stage roof arches, columns, and roof arches 
of the Banquet Hall. all roof arches were cast with a 1:4.5 concrete, and — 4 
‘columns supporting the roof arches of the Banquet Hall were poured a 
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_by slump and compression t tests s. For tl the 7 i ~day compression tests, 1:6 mix, — 


the average of _ tests was 1155 lb. per ‘sq. in.; and for 190 tests at 28 days, 
1 953 Ib. per sq. in. . The following is the average of ™ mend tests: Walls, 


"The capacity. and design of the concrete ‘mixing: system 4 


were determined largely by the specifications covering the contractor’s con- 


caf Te Contractor shall submit detailed plans of the construction plant, ie. ; 
approval by the Architects | (particularly regarding its adequacy and efficiency 
of operation). ~The Contractor will be required to install a concrete mixing ~ 
a 4 plant ‘of sufficient capacity, and in duplicate, to insure continuous pouring. 
- : use of a gravity distributing system will be allowed, provided the water 
content of the concrete, herein specified, is not exceeded, and that the con- — 
crete. shall not be poured into from the excepting 


several paragraphs which spect considerable thought and experience. These 


specifications read in art: 


“Tn proportioning bili Lali centering concrete shall be treated as a liquid 
: “a its full weight for vertical loads: and “three- fourths of its — for hori- 
> “Timber supports must be ‘designed so that the ‘<niiiay of joints in onl 
- grain compression shall be reduced to a minimum on account of the low bear- 
ing value of timber across the sid 
ay “Care must be taken to prevent lateral displacement of vertical posts due a 
A to radial pressures from arch rings, by providing proper longitudinal bracing. — 
_ “Vertical supporting members, posts, struts, etc., must have butt-joints or 
end grain bearing and fish plates. Fish plates shall not be permitted to trans- 
vertical loads. Scabbing of horizontal members to 


Oo + 


An additional rise in the centering of arches of —— of the span shall ‘ 7 
provided for shrinkage and settlement of the forms and supports. 
as “Tn constructing centers for arches no reliance shall be placed on spiking, — 7 


n mbers shall be bolted together at joints. 


‘of all form work shall be subject to the: 


wil it relieve the Contractor from forms which will 
produce acceptable work. All such approved plans and descriptions of a 
ie form work shall thereupon become a part and parcel of these plans and a 


~~ 


asbestos stage curtain is one « of the in world, weighing 


It consists of a rigid steel frame of six hori- 
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sontal latticed trusses 14 in. deep at at the center and | braced vertically by lat- 
tieed angle struts extending the entire height of the curtain. 19 | th 


a The steel curtain frame is covered on each side with wire-woven, 95% pure, 
Be sper cloth, weighing 3 lb. per sq. ft.* and | having wire inserts. The cloth 


7 is fastened to the frame by half round strips, which, in turn, are secured with 


tap screws, 12 in. on centers. fo ‘est ic 


The curtain is operated on -in., roller-bearing, machine-turned, cable 
"sheaves and two (24-in. machine-turned head-blocks, set on large roller bear- a 


> A 10 h.p. motor for raising and lowering the curtain is located in the 


curtain: is equipped with an automatic “emergency closure 
f fire, it can be dropped by gravity from either side. of the — 


= 


> 


small cut line, whick the curtain. A ‘oil 


‘prevents excessive velocity near the floor. emergency controls: are 
intereonnected with electrical d door ‘operators for opening the Jaree ventilators 


aS. | 


frame was designed to prevent side-swaying, sagging, and bellying, 
due to unequal air pressure on the two sides, and to withstand a horizontal al 
lateral pressure of 5 Ib. per ft, with a factor of safety of 2, without binding 


on the smoke- -pocket guides. lateral pressure is based ona temperature 


of 750° Fahr. on the Auditorium side and 1 600° Fahr. on the stage side, with 
/15-min. exposure. 


The curtain has, an ‘unbelanced weight sufficient to cause it to drop 


sets, operated on T-bar tracks, about 4 on centers, A bridge 
a nite along, and cantilevered from, the rear wall of the @ stage provides the 


necessary for painting the exceptionally large scenes. 


A USTICS 


he acoustics of ‘the Auditorium 1 was the ‘the subject of much thought. 


tailed study, was. given the correlation of size and shape to prevent objection-_ 


able reverberation. The selection of lime plaster for finishing the interior 
a St. surfaces assisted, to some extent, in absorbing the sound. The great hung 


and the surrounding ceiling, with its numerous broken surfaces, were 


treated so as to subdue undesirable reflection without losing any of its archi- 


ral beauty. All the seats were upholstered and the aisles carpeted. 


was this in keeping 1 with the luxuriousness of the appointments, but it 


served further to prevent acoustical defects. done Ot 
As a result, normally, stage ‘programs can be heard without difficulty in 


the: rear seats of the baleony, a a distance of 235 ft. . ‘However, t this was con- 


‘sidered too great a the average human voice, or subdued music, 


to carry ‘successfully. it was advisable an 
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ENGINEERING FEATURES OF LARGE THEATRE “BUILDING, 
ait) Pusiic ApprEss System 


with the high standards utilized throughout this ‘it we 
_ desired to obtain the most comprehensive and complete system available, a8 


ar 


: well as one that would faithfully amplify, transmit, and reproduce the program. — 


To meet these requirements, a Public Address System was installed by the | 


used for many and varied In addition 


- speech and 1 music from the ite of the Auditorium, it provides a a means 8 for | 


“Di 


4 
“ings. This. Publie | Address System | is” also used for amplifying i in the large 


; ballroom, ‘for Teproducing radio programs when used in conjunction with a 

my radio receiving set, for paging throughout the building, and for cab calls. 
a ‘provide these features, ‘it was necessary to install in and about the a 

: Temple a total of 46 projectors 0 or horns, 25 microphone outlets, and 24 observer 
‘stations. A special control room, adjacent to the Exhibition Hall, was used 

_ for housing the amplifying ¢ and tadio: receiving equipments and auxiliary 


‘apparatus. _The > microphone « outlets were installed at at strategic points | through- 


observer positions were watching the performance 


 @ the loud speaker equipment in each particular room. A telephone circuit, 
between these positions and the control room, enables the observer to advise, 
i thd o operator if corrections are required. 7 The power used for operating ‘this 


_ system is obtained from the regular alternating-current house ae and is 


a to the by a vacuum tube rectifier er system. ont 


the stage. They reproduce so that those in the rear can. 


hear as as well as those i in front. Jom 


The heating system consists of three Birchfield. welded, low-pressure boilers, — 


1CU, 
set in battery with Fess. oil burners. _ Each boiler has a “capacity of 30 000 d 
. ft, of radiation. The Auditorium. and Banquet Hall are heated and venti- eo. 7 


The majority of people who visit this edifice are so impressed with the 


lavishness” of its : appointments, that they ar are apt to take for granted the 
L eaten air conditions, that prevail, without realizing the great « engineering — 


skill” that made such conditions possible. The average layman vw would be 
_ astounded to know that, in order to insure perfect ventilation, it is | necessary : 
_ to handle 43 254 000 cu. ft. of air per hour. This enormous ‘quantity | is diss 4 
ae ributed by 12 Sturtevant ventilating fans, of various sizes, located at strate- — 


gical oreo ‘throughout the building. To the Auditorium alone 14 838 000 


4 
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The is by the up- draft. system (Fig. wherein 
the air is forced into plenum chambers. under the seats and thence through 
‘mushroom outlets into. the room . An exhaust air system, with outlets in the 

- ceiling u under the balcony and in the ceiling of the Auditorium, draws the 
air up past breathing zone and exhausts, it to the outside. ‘The 


-draft system for a building of this is much superior to the so- -ealled 


“ss jo seats. In the Up- draft system the laws of nature a are utilized as the heated 


> 


air rises, which assists the exhaust system in its work. | y* very important _ 
in favor of ‘the up- draft system is. the quick elimination of smoke, 


The incoming fresh air is heated by large units of Aerofin heaters which — 


are automatically controlled by thermostats set in the various rooms. 


is stage is amply heated to compensate for differences in temperature between 


a Auditorium and the stage area, a, thus eliminating the ‘great drafts that 


= tain treatment of. the entire structure is Saracenic, with the. 


Moorish motif predominating. "Rare beauty marks the ceiling of the 


torium | (Fig. 2) with th its s jeweled tapestry canopy reflecting the blue of an 
Arabian: sky. 

- Topes | (9 in. in diameter) of ‘cast plaster, is so realistic that many y have believed 


that this ‘immense ornament was “constructed of real tapestry fibered 

“The: whole effect of the ; interior of the . Auditorium is heightened and magni- 


fied by a gloriously beautiful envelope of Oriental filigree work and daring 


-_ gelebrated for their decorative | art, in which the Oriental love for display and 


ta: 


demanded a certain luxuriousness, that is r reflected through the interior 


great deal decoration was applied directly to the concrete an 


_ wall surfaces, which were tinted and stenciled, producing a very striking and 
__ interesting effect, particularly on the ‘roof arches in the Pavilion (Fig. 4). 


The concrete exterior of the entire ‘building was treated with California 


_ stueco of a light buff color, applied with an air brush and producing a a durable 
coating of a pleasing uniform texture. The exterior ornamentation consists _ 


of polychromed tooled synthetic limestone, composed of crushed limestone and 

the center the suspended canopy is hung a magnificent chandelier, 
ft. high and weighing approximately 5 tons (Fig. 2). contains 500 

* _ trie bulbs, arranged to produce 64 color combinations, all controlled by’ dim 
mers on the stage switchboard. There are fifty-o1 -one 1 320-watt circuits, nine 


150-watt lamps to each circuit, and three. emergency circuits. To each of the 
four colors—red, white, blue, and are "twelve circuits. 


. = schemes (Fig. 5), which i is truly Saracenic i in n design. The Saracens were 
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‘The chandelier is constructed with a struct 
the steel ceiling supports | by pin joints, to allow the fixtures to swing during 


seismic disturbances. Access to the fixture for lamping and cleaning i is pro-- 


vided by a portable ladder extending through a trap- -door in the ceiling. 


= ‘The e entire lighting system is unique. — . Hundreds of concealed lights of 
varying colors, together with the large chandelier and other minor fixtures 
and all the stage lighting equipment, are controlled by one of the largest stage 


7 
J 


“trie ‘Company, i is 28 ft. ‘ong and 12 ft. high, weighs 163) tons and ‘contains 298, 


dimmer plates of the Leonard selective remote control. 


= 


‘full length of ‘dimmer can be by a a master lever. 


Two separate electric services enter the building, connecting to two ‘Sepa- 


 MISCELLA 

OA het of 30 275 cu. of concrete were ‘poured, and 308 | 000, board- ft. 
of form mber was uti and 1100 
‘The following shows of cach, and cost of the 


109 532.00 
939.00 
21570000 


Finish hardware 


Total wwe 


Architee 


$2 055 819. 00 


Mr. J Austin ‘was the Architect, and Edwards, Wildey Dien, 


the General Contractors. ‘Thomas Haverty Company furnished the e heating, 
"ventilating, and plumbing systems. The writer, as Chief Engineer for the 


- $1915 819. 00 


heating and ventilating systems. 
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METHODS | USED IN THE ‘CONSTRUCTION OF 
PRE-CAST ‘CONCRETE SEGMENTS FOR THR, 
laud te ven 


ALVIN tvin A. Horwe EGE,* Assoc. M. A. Soc. C. E. | 


segments of the Subway between. Oakland and ‘Aland, 


It includes a brief statement of the nature of the work and of general 


‘ditions, a description of the ‘mixing plant, distributing system, and forms, 


the method used in pouring the different sections of a segment. aT a 
PURPOSE OF ConsTRucTION 


The site of the Oakland- Alameda Estuary was was formerly ed 


oceupie 
be the railroad bridge of the Pacific Railroad Company and used 


and, at the solicitation of the ‘War Department Engineers, 


began an investigation which resulted in the approval of plans and the v 


i ew bonds for the construction of an estuary subway which will eliminate both 
bridges and give the ‘Upper Estuary Harbor an unobstructed channel for 


n 1925, the California and Tunnel Company was awarded a 


Written discussion on this paper will be closed in April, 1928. 
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CONCRETE SEGMENTS, ESTUARY (Papers. 


the section; a circular. section built in the ‘Oakland 
578 ft. long; and twelve pre- -cast concrete tubes, each 203 ft. long, to be built 
‘ in Hunters ‘Point ‘Dry Dock, floated across the e Bay, sunk in place, and joined 


Time was an element in the at: these tubes. 
e 


- Bethlehem Shipbuilding Corporation | was reluctant to permit the dock to b 
r sts up a reasonable length | of time, fr from the e standpoint ¢ of economy to the : 


contractors. a The rental of the dock was limited to six months, after which a 


a severe re penalty was to be added to the contract rental. The result was that the 
contractors were fo forced to provide a rather elaborate plant, considering the 


quantity of conerete to b be ‘poured—29 000 cu. yd —and to. use steel forms 
‘throughout. To ) permit rapid erection, three full shifts of men were employed 


all ‘the material, ‘except the cement, Was delivered i in barges. 

(See Fig 1.) The ‘cement was hauled from the railroad, a distance of 2 


miles, in ‘trucks as i it was “used. At first an attempt was made to. store a 
reserve supply on the job, but because of rehandling, this proved, more costly 


The rock and sand in barges of -400- -ton capacity and 
unloaded with an electric hoist and steel derrick equipped with a 60- )-ft. boom 


a Lyd. clam- shell bucket, The “material was dumped into a r receiving 
a hopper at the end of the ‘aoa. from which it was conveyed by a system of 
24-in. belt conveyors to a storage pile. A These piles were confined by wooden - 


with the to give them stability. fe first con- 


conveyor, 40 ft. toni which spread the material in piles, about 75 ft. lends; $ 
right angles to the belt conveyor. he sand was segregated from the rc rock 
and, of course, e, could not be conveyed from the. barge at t the same time as 


Adjacent and to ‘the stock piles a ramp, 20 ft. high, was erected, 


7 a two- -story Fig. ) Two eonerete mixers “were” 

on . the ground the ‘mixing house. Batchers for the rock, and 

a rs inundators for the sand, a separate set for each mixer, were placed on the 
second fi floor. |The because of the almost uniform moisture content 


‘bate ers. 


1 general, the we consisted wh two open-cut approaches totaling 930 
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was delivered to the second floor from the cement house adja- 


by a “in, belt ; conveyor, and a a hopper was loaded hand above the 


mixer. In this - manner a batch prepared while the | previous batch was 


mixing. 3 pulling ‘three ropes ‘the mixer was charged, mixers acting 
= simultaneously. _ ‘The water was 81 supplied from a tank on top of each mixer. 
The usual of measuring 


was employed s so. that a uniform mix could 
be assured. 


dock is 750 long and about 110 ft. wide, on top. e distributing 


. _ & plant had to be built to permit the concrete to be delivered to the dock without 
2 ay too much adjustment of the chuting equipment. To facilitate this, at intervals - 


of approximately 2 225 ft. three wooden towers, ; 112 ‘ft. high, and large enough 4 


to accommodate 1-yd. skips, v were erected along the south ‘edge of the ‘dock 
shown in Fig. 1. the land side ‘stiff-legs ‘supported the towers and 
"mitted guys ae , the dock to be omitted, except at the extreme top as shown 


rms, to 0 opera 


The concrete was delivered to the towers by two gasoline Saniatiaen haul- 


two 1-yd. side- -dump cars. The mixers. were placed so” that with the 
locomotive hooked between the dias cars, both mixers could be discharged at _ 


the same time with one spotting of the cars. 


“= i portable electric hoist placed at the tower from which concrete was being 


poured, hoisted the conerete t to ‘the hopper at the top of the tower. * Each 1 tower ; 
was equipped with its own skip, top hopper, and a steel boom wh 40 ft. of 
-in. chute. Ih addition, th there was a 40- ft. counterweight chute which, like 
Boos “the hoist, was moved ; from tower to tower as occasion demanded. ‘The end of 
_ ea the 40-ft. straight chute landed in a a hopper on top o of the traveler, from which u 
chutes carried it to a wooden hopper, fitted with two- -way gates opera 


from 
platform, and located above the tube t that was being poured. 


ar There were re three different classes of sections poured, namely, invert, road- 


way slab, and crown; and some adjustments were necessary in each case. 


general, however, the arrangement of chutes was as follows: The traveler” 


¥ was 20 ft t. wide and made up of three trusses. The two-way heel was ‘slung 
=i from the truss on the side nearest, ‘the tower. From each side of the hopper, 


a 20-ft. chute was slung on on chain- blocks » which’ traveled along ‘the center tr cUSS, 


= and from the end of these vey 15-ft. _ chutes were slung two chain- -blocks on > 
the » third truss of the traveler. From the end of the the pper ’ 


and pipe of the usual elephant-trunk equipment. 3 4 


Since the traveler could be ‘moved along the dock and 
easily hoisted or lowered, at the same time, moved laterally to the dock, 


chuting equipment was very flexible, and concrete could be delivered to 


any location desired 0 over the length and breadth of one tube; that is, 203 a 
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Ta ble 1¢ gives" for the Class mix used in the 
construction of the tubes, proportioned for 1 cu. cu. concrete in place and 


certain characteristics based on a series of tests. uf 


4 Sand, in cubic feet.. 
Rock, in cubic feet.. 
- Ratio of cement to voids 
_ Ratio of sand to voids 
Ratio of mortar to voids 


4 


oror 


cP 


The grading, n (0. 55), and the fineness modulus (6. 95), were most satis- 


for the conditions and with a slump of to 7 4 in., the 


1 


On the Hunters Point work the inside forms were and the 
: tallies crown forms had steel ribs and wooden lagging. Wherever possible, >= 


forms were mounted « on trucks and ran on tracks from one tube to the next, 
except W where it wa was necessary to transfer them from one side of the dock to 
the other, as shown in Fig. 3. From the r roadway slab and the crown, the © 


original intention was to pour one- e-third of a a tube at time e and the complete 
tube i the inve 


‘steel. forms were made ‘where ‘wooden: forms could ‘not be cused, and wooden 


forms were re built on the job in the other instances. 


Tt was possible, v with’ considerable crowding, to lay five tubes in the dock 


x“ t one time, except for those with horizontal curves, in which instance o only — 


‘could. be laid. three straight ‘tubes had been completed, they w were | 
flooded 


= a) 


flotation. The tubes were laid in rows on each side of the dock, with one 
tube at the bow en being 

aa Becau: se of wee ‘enormous: load on the floor of the dock, 5 000 tons for each - 


Ec tube, the weight was distributed by 1 12 by ; 12- in. ‘timbers placed longitudinally — 


3 ‘on 2-ft. centers, on the floor of the dock and shimmed where a depression did 
S. not permit full bearing. Across this layer 1 were placed 12 by 12-in. timbers 38 


long, spaced to conform with the invert forms and, roughly, about ft. 


oe 
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vert 


ee These timbers | were leveled carefully at a fixed elevation so that 
 ealculations for the setting of were the same for all tubes. Great ca care 
, _ was taken to provide uniform bearing in this case and thus prevent « excessive 
“settlement. Fig. 4 4 shows the — stages of construction work 


_ The center portion of the tube for a width of 10 ft., 14 in. on anal side of 
center line, was supported on wooden saddles which remained in place 


are 


until the tube was floated. ‘The center section “was made from 4 4 by in, 
timbers, ft. long. Bolted to these at one end and | to 6 by 12+ -in. posts at the 


0 ther, were addles made from 4 by 12-in. timbers. They were also 
— supported twice in the middle of the span wi ith 4 by 6-1 -in. "posts. All saddles 


were cut to conform with the outside curvature of 1 the > completed tube. The 


: “secondary saddles were unbolted just prior to floating the tubes and were pulled — 


— from under 1 the tube afterward. _ This was necessary in order: to provide 4 


clearance for the end bracket, at the end of the tubes. 5 isa view of | 
7h 


and outside form, showing the ‘method of erection. aft 4 


each of saddles were placed the o1 invert forms, 
Pr were steel ribs built as cantilevers and tied together into 194-ft. sections 
There were seven ribs with wooden nailing strips fastened to curved angles at 7 
3 ft. 3-1 “in. centers, Between these were wooden ribs, 2 in. wide, to reduce 
span. (See Fig. 5.) Each invert section was separated from the next by 


22-in. spacing which permitted them to be ewung, in the case. of the horizontal 


— yl: After these invert forms were set in place with ¢ cranes, , they were lined and | 


by hard-wood wedges on top of 8 by in. longitudinal timbers and 


braced v with struts to the floor of the dock. 1 The lagging of 2 by 12-i -in. material 


“was ‘next t laid | on top of the invert forms and the wooden saddles up to the 


diameter. As” this zing ‘served a double purpose, that of the 
: : = forms and: the protection for the 2 water- proofing, and remained on the 
x a tube, it was not nailed to the form ribs except _ to draw a warped end down. 


Outside invert forms were “provided for two. complete tubes. AS a9. “4 


Brackets 


_ At each end of the tube the design : specified an end bracket, which consisted 4 
of a square block of concrete through which the circular porti 


ide passed, as shown in Fig. fet These served a double purpose ; ‘that | is, as bases 
landing the tubes blocks, and for j joining the e tubes. 
The forms for the end brackets were of steel, except for the wood bottom which 
remained place until the tube floated off it. There were four complete 
forms for the invert ; two. inside 1 rings; two outside sets of plates up to 
little above the horizontal diameter; and one form for the top outside and | z 
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After the invert lagging and the e end bracket invert. forms were placed, ie a 


proofing for ‘the tube, », below the horizontal diameter, wa: was laid on the 
lage xing and ended by metal flashing in the end brackets. The water- “proofing 
2 consisted of three layers: of cotton fabric in hot asphalt. The bottom 20 ft. 


next covered with a 1-in. . layer of grout protect ‘the water- proofing — 


from the reinforcing steel that was next placed. The: steel was set on 2-in. 


_conerete blocks 23-in. high. it was found th that ‘the weight of the steel forced 


the blocks through the water- “proofing unless it we was protected. 

The inside invert forms were made of steel and were hung to the outside | 

forms by means of steel brackets and bolts. The bolts passed through the 

water- ‘proofing, the holes being later patched. They _extended from a point 
approximately level with the bottom of the slab to a point 8 ft. from 

4 the center of the tube. — _ This left an opening 16 ft. wide in the bottom of the 


was as supposed to to be sereeded to conform to the inside’ curvature. 
pe 


Because it’ was n necessary © to po pour ‘the concrete rather wet so that it would flow — 
properly around the network of steel, it was found that the steel forms had to 
be supplemented with wooden sections 4 ft. wide to reduce the opening | to 8 ft. 


i 
Both th the ‘steel and wooden. forms were securely fastened with h &i “in. bolts to the 


‘teinforeing s steel and rested on the 24- -in. concrete blocks on n top » of the e steel, : 
‘Four of tubes had an 8- in. - longitudinal wall under the center of the 
roadway projection, 16 in, high, was formed i in this opening. Other- 
e, the eonerete was sereeded and finished smooth while being poured. 


tinuously. and required about complete. or the first half of the 
. -_ tube, »e, the bottom v was filled to the lower part of the > form. The chutes were then 
~ changed. to the outside and the sides | filled to the top. At the same time the 
-conerete | would run forward and fill the bottom ahead of that previously 
p poured, Sometimes it was found advisable to switch back and ‘fill the bottom 7 
~ for the remainder of the distance, but the bulk of the concrete was poured at e 
the top. and allowed to run down along the outside forms. Before the top 
fo set too hard it was worked by hand to conform to the longitudinal | joint | 
Prescribed by the County Enginee This included a ey to. which 
fastened either a copper or galvanized water- 10 i wide, ‘one- -half 
which was in the invert concrete. forms were stripped | soon as the 
conerete had set were smoothed off ar nd 


Within 30 dene after the invert was poured { four ‘rails were laid on the 


tee on longitudinal stringers properly spaced a and braced to take the truck 
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of the forms. These were then rolled out of the previous tube 
on to this track and jacked up to grade. The forms consisted of three sections, 
7 21 ft. 8 ‘in. ‘long, mounted on eight trucks | and made o of steel. ‘Between them — 


were suspended two. sections 163 ft., ‘made of wood, on the sheathed | 
= with No. 10. gauge plates. a Each section was separated along the center = 


and, in the case where the center wall was under the road slab, vertical forms 


in 
with suitable turnbuckles for adjustments were suspended to these forms. 


¢ 


other ¢ cases, the opening between them was covered with a No. 10 gauge plate. 
. On the outside edge) were hinged wing forms which were swung up against the 
invert concrete by turnbuckles and then securely, held by ‘wooden struts. 


wooden forms w were held by wooden posts and wedges. 


; pr As soon as the forms were set to grade the road-slab steel was placed and 
side longitudinal forms of wood set in between the steel were built. -Sereeds, 


all the interior ‘fixtures, and bulkheads at the ‘end, were placed and the: “ih 


erete for 0 one-half tube was poured. This amounted to ab 


moved either the half of the s same tube, « or or to ‘the next tbe.” 


at ‘Twenty- -four hours after the road was poured, two Yb. rails were 


laid on top of longitudinal stringers. ~The reinforcing traveler was then moved 
on to the road slab into ‘place. ‘This traveler consisted of four 


Three sections were mounted and the 


was jacked from the road slab. ‘The others had § 
jacks x mounted on the trucks. / All were provided with turnbuckles for Sex 
the proper width, and collapsing after the steel was in place. 
Each section was made up of a steel bed- frame, on which ‘were mounted 
ca ‘three wooden lateral trusses. Running longitudinally were metal angle-bars at 
ea intervals of about 10 ft., which later were supplemented by wooden members 
“es between, and all built: to conform to the prescribed radius of the geilateeding 
a steel, that is, 16 ft. 23 i in. Each section was separated about 5 or 6 ft. according 
to the needs and closed with spliced angles. Fig. 4 is a view of the e reinforeing 
“steel traveler with crown steel in ‘place. sib toa 


jus When the traveler was set to grade spread to the proper width, the 


arch or reinforcing steel was placed on i in the invert, ‘there 


thee 


rings which the invert concrete. The | ring “steel varied 


bie 4 in. to 1 in., according to the tube, and ‘was spaced on 12- in. centers. i ‘The 
: longitudinal steel was in. throughout and was spaced on 6- -in. 


Each consisted 


frame w was bolted 3 19-in. ‘wooden legging 
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When the length ¥ was to make possible the pouring one- half the 
Bes: instead of one- -third, two more 15- ft. sections: were built of similar design. — Ms 


ions, 

Four: rows. doors were provided on each side through which the 
thed ‘could be poured and a 10- ft. ‘space, where was no lagging, was left | 
orms Wri The bottom rested on on top of the outside invert forms at the | horizontal — : 
In | _ diameter and was bolted securely to it. Just above this point holes were PrO- 7 
late. vided to allow a row of 1}-in. bolts to pass to the inside crown forms. These 
t ‘were spaced about 4-ft. centers and \ were ‘the ‘only lateral support for these 
The forms. When these forms were si set, hook: bolts were ‘passed through holes pro- 
ya a vided at intervals and hooked to the reinforcing steel and tightened. The 4 

| and ‘reinforeing traveler was then collapsed and moved | out to the next set up. 
reeds, Fig. 4 shows a view of an outside crown form in place; also, a ‘section of the a5 8 
-eon- outside crown form being | lifted and moved with the gantry. 


el which 1 was suspended from the outside crown by the hook-bolts. 


These’ forms consisted of three sections, 23 ft. long, each mounted on trucks, 
a ae shown j in Fig. 8. Two ‘sections, 15 ft. long, were built in San Francisco, 
moved EE Calif., when the “ “pour” was increased, and were suspended between the original a -J 
four sections. The first three sections were provided with jacks for raising and 
id the steamboat rz ratchets for spreading to the proper width. The ot others had no such © a 
gps “mechanism, but when bolted to the first were rigid enough to follow the others, ine 

the Allwere hinged at the top, 
sales _ The general | design consisted of a heavy bed- frame mounted on trucks w 

en 

eading two heavy pairs of trusses rigidly eross-braced and covered with No. 10 
heavy waler longitudinally just above the horizontal diameter 
punted to take the in. through bolts from the outside crown forms. Near 
bars i bottom was a hinged wing form. — When moving, this was hooked up and key pt 
there until the ‘form ‘set at the ‘proper grade, and spread when it 
forcing lowered to sloping wooden filler strip. Struts were then placed from the 2 
cording track stringers to the base of these wing and wedged, and the jacks were 
forcing, stacked off. The forms then rested on the sloping filler pieces and a 
After the 14 in. through bolts were set, the interior fixtures ae a 
were bulkhead was rovided at the center of the the forms were 
invert 


d from 


ra 


“filler pieces between the sections of forms. These were carefully ealeulated — 
and the forms had to be spotted accurately to make them e conform to the 


soon as possible after the outside crown forms were placed, the back 


top, of the end bracket form was set. d For ease in handling was divided 


heavily 


| 
| 
pers. 
tube — 
i 
— 
r 
— 
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into three | pieces and the reinforcing steel for the portion was placed aga 


it. The front section was next placed and the ‘form was ready for pourin 


> ig eee crown section m amounted to about 700 cu. yd., for one-half the length 
tt the tube and was poured in about 12 hours. | This was: divided into three 
operations. The first was through the lower Tow of doors. (See Fig. The 


steel was spread to allow the hopper chutes to be inserted into the center of 


the wall. _ These hopper ¢ utes had a bend in the spout so as to turn the 
concrete in a vertical direction and prevent the rock from hitting the steel 
and separating from the mortar. There were 18 to 14 chutes on each ch side, 


S Aa placed directly opposite in pairs. Ten men on a side were stationed between the 
forms to tamp_ and spread the concrete while it was being poured. When 
_ the forms were filled to the row of doors, the hoppers and chutes were raised 


to the next row, the lower doors were closed, and the process was continued. 


7 When the forms were filled to the second row they were closed and the chutes 
were raised to the top opening and the remainder of the | concrete was poured 


i - from that point. The top of the end bracket was - poured last. | Six men with 

a - hammers vibrated the inside, crown forms during the pouring. 
Forty-eight hours after. completing the “pour” the outside crown forms 


_ were moved to the next position. _ The outside invert. forms were moved at 


this time, ‘also. Twenty- four. later the inside crown forms could be 


er soon as the aiellin crown forms were moved men with: chipping ham- 
smoothed ‘up the concrete so that the water-proofing would not be injured. 
3 was ‘then set up and | the upper | half of we tube was water- proofed. 
this | place. Temporary were set up ‘against the lagging 
below the horizontal diameter to hold that lagging against the concrete after 
the invert forms 5 were > removed and before the hoop rods could be placed all 


around t the tube. soon as the tightened these wooden forms 


Salidiabe were built to close the ends of the tubes for purposes of f flota- 


tion and submersion. Below, ‘the ‘roadway ‘slab a heavily reinforced conerete 


bulkhead was built. "Wooden. forms were used in this work. 


a Above ses roadway y slab the construction was sates to suit the pressure. 
Under high heads 24-i in. steel beams were. ‘set vertically at 1 ft. centers, 
against a shoulder provided i in ‘the end bracket. _ They were 2 covered w ‘ith 6 by 


; a in. timbers, laid flat, and then § sheathed with 1 by 6- in. tongue- and- groove 
proofed, the edges: being rv run into keyway 


— 
— 
— 

— 
WA: 
— 
— | 
— 
— 
— 
— 
— 
— 
— 
— 
ae 
— 
— 


gainst 


bing 
length 
three 
) The 
of 
mm the 
e steel 
h side, 
een the 


raised 
tinued. 
chutes 
poured 


on with 


te after 
faced all 
n forms 


ith. 


pressure, 


Papers.) CON CRETE SEG OAKLA AND-ALAMEDA 


| | ont 


8'C, 1. Discharge 
{Pipe from Drainage 


3-24°74 


od Slope down rom Centering 


= 


Beams 
nter 


Fir Cushion 
Creosoted Dou 
Cushion 


2 


4"Creosoted Douglas 


HY 


4 


a 


This side of Timber to be 


t0-use to align - 


ito: bil 


12" x 24" 
Creosoted 
Timber 


24"74 Ib, 


12" x 24" Wooden 


= 
et || YG | ff 
injured. 

Kips 


CONCRETE SEG MENTS , OAKLAND- AL AMEDA ESTUARY SUBWAY : [ apers. : 


vided for the purpose. The keyway and corners were then filled with gunite. 

; For lighter pressures, 12-in. timbers: of depths from 20 to 30 in. were used. 
%,. These ti timbers were framed to f fit the curvature of the inside of the end d bracket, > 

: “ and were > sheathed, water-proofed, and gunited, as in in the other case. a. Fig. 8 
‘4 t shows the typical cr cross-section of a finished segment, with details at the g grade 


piers. Section F- F shows the design of the ends. . 


Al manholes, inserts, niches, electric conduits, and tie- e-rod heii were built ; 
“an in the tube as it was constructed and in the location designated in the | plans, 
None of these features presented any difficulties, although the setting of the 


-rod stubs involved considerable labor and attention. They were set in 


a key about 8 8 by 8 in. in dimension at the el elevation n of the > ceiling slab. _ The 
key was | framed and drilled in the mill, g great | care being used in teins ‘the 


holes. The inside crown forms were carefully spotted to. conform with 
location of f the rods and the key was | lagged tot the form. — The stubs were then 7 


inserted ; in the holes and leveled and squared. When ‘the concrete was poured 


the forms “were § stripped, the key as broken out and the threads were 
ex rods were then set up with turnbuckles. at each end and tight- 
¥. ened to to the preseribed tension. Tt should be understood that care had to be 


used in lining and setting the paren so that the rods could easily be threaded on. 


= 
is 


by: = - 7 


s three of the tubes were ere completed a nd bulkheaded, the dry dock a 


pee: Estuary where they w were e held ‘until “needed for - sinking into place. No 


= particular difficulties are being encountered i in the sinking | and placing of the 


egments ; and at present eleven segments h ave ail sunk into place. The 


s 
welfth tube was sunk October 29, (1927. 4 


i 
rr OncanizaTion, | To UNNEL Company 


The construction of the twelve conerete e segments a at Hunters: Point was 
Construction Engineer, and AR. Baker, M. Soe. C. 


The construction « of the Alameda Portal and the sinking 
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HAZARD IN CITIES AND ITS. REDUCTION 


it 


Cox, Jon. Am. Soc. C. E. (by letter).§— —The 


the presentation of this paper was not create” a finished document, 


4 nor e: state a final word. - Rather it was: to open a new line of thought on on o: 


Paty 
the problem of automobile accidents, and to encourage ‘thinking along more 
fundamental lines as to the basic factors in their occurrence. He fee 
gratified that the paper has aroused 80 much discussion. 


The writer did not intend to suggest that the automobile accident problem — 


cannot be influenced by other factors than the density of population. He did + 


wish to show that population is the basic factor in determining 


‘the personal injury hazard of operating an automobile in a city. Other 


factors, some susceptible to statistical» treatment, "perhaps, somé not, 


may exert a influence and should, of course, be given careful 


‘teh hazard level isa function of the density of population. | ‘The writer” is 


suggested several of the discussors that more stress: = 
- placed o on conclusions to be drawn from the principle | that the paper set forth. _ 
Iti is the writer’s” feeling that to done that would have enlarged the 
af 


scope of the: ‘paper unwisely. - The : aim was, as stated, to call attention to the 
principle | ‘in the hope that it “might encourage further work and thought on 
‘the part of others as to its applications and implications. + Aa 


Y Among the many points brought to light was the particularly interesting 


discussion of traffic conditions i in Washington, D | by Messrs. Stark a nd 
* Discussion of the paper by William J. Cox, Jun. Soc. C.. E., continued from 


Asst. Prof., Eng. Mechanics, Sheffield ‘Scientific § School, 


by the Secretary, October 1927. 
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ON AUTOMOBILE HAZARD AND Irs REDUCTION [Papers 


wide. all ‘cities, before the invention of the automobile, 

Washington has an inadequate s street system, but its streets are more nearly 


for their needs than those of any other large American city, 


Mr. speaks of the hazard introduced by the convergence of a 
number of streets” at certain points in as, example, 


‘Thomas Scott Circles. The writer is in possession of accident 
“statistics for these two localities, and they may be more dangerous than they 
appear, but. he has ‘repeatedly. y watched the streams of traffic converging on 


them an and | diverging, and has been impressed. with the smoothness and. safety 
He finds it difficult: to believe that such circles add 


the street hazards a W ashington, ry 
Eldridge calls “attention to » the decrease in automobile ‘fatalities and 


accidents in Washington from to 1926, and suggests certain “causes, 
denying that the “improvement was brought about | by the “planning of the 


- city, etc. This i is true. From. 1923, to 1926 there was no marked shift in the 


9 planning of the city. The» writer’s paper was based on 1922 conditions; and 
improvement “subsequent to that ‘time, which doubt is. due to the 


~ eauses ‘enumerated by Mr. Eldridge, is 0 ‘outside the scope e of the paper. ‘The 
"planning of the city and the ‘superior ¢ administration of traffic, even 


before Mr. Eldridge took “charge, Washington made it possible for 


8 improvement to which he refers to be based on hazard conditions that were. 


Stark,+ in v igorously dissenting from the views set forth 
as the excellence police regulation in “Washington 


recent ‘times, makes a well- reasoned plea for a consideration of the 


that improved of traffic at intersections will have little off effet 
on collisions between automobiles and pedestrians. He advances a ‘so 


argument that the effect, although is nevertheless present. 
Mr. illiams}. also stresses the indirect connection between hazards 


and | “the general public attitude toward law ‘observance and accident preven” 


tion”. writer ‘Tecognizes the weight of Mr. ‘Williams’ judgment in this 
judg 


“matter and the very great, importance of relationship he mentions. 


Am. Soc. , August, 1927, Papers Discussions, Dp. 1270. 


cit., October, 1927, ‘Papers and ‘Discussions, p. 2023. 
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administration in Washington, but the writer is unable to agree with him that ta; 
Se - Washington streets are not well designed to carry the traffic. It is true that _ th 
— many of the streets in- the city are narrow, but there is no reason why all ff. re 
ai ‘ei the streets of a city, or even a majority of them, should be wide. Provided J in 
mj. there is a sufficient network of arterial ways to carry through traffic, it is J} oP 
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"public could ex exist sufficiently ‘great to overbalance entirely the advan- 


“4 tage of low population density. That is, he doubts if such an improvement in 
the attitude of citizens toward traffic rules in New York, coupled with such | a = 


_retrogression. in Indianapolis, could occur as” ‘to overbalance the differences 
in population congestion and place those cities on a par an i 


» 


na Mr. Lewis* is apparently ¢ confusing the fatality rate per unit of population a » 


and the fatality rate per automobile. All the data to which he refers are a 


based on the automobile- fatality rate per population unit, while the writer’s __ 


‘paper was a discussion of the hazard car—the hazard of pending 


automobile. was found to be - As Professor Lyle points out 


hazard pe per unit of population derived from ‘this formula is which 


would seem to accord with Mr. Lewis’ views. 
Among those who discussed the popes, Mr . Keleey$ was the only one to. 


express marked distrust of the use of automobile liability rates 


to measure hazards. There probably other readers w Ww ho felt, about 
| as Mr. -Keleey did, since there isa ‘general disposition on on the of 


public to suspect that insurance rates are established wholly | 


and are based on what the traffic will bear. 
Mr. Keleey’s « objections to the insurance asa measure were along 


‘three ines. He states that the proportion taxicabs and « commercial 
among total number of cars. insured ‘New ‘York is much 
greater” tha nin s smaller cities, such as. Indianapolis; that: ‘these public and a 
commercial vehicles have much greater annual “mileages than the average 
‘Private: passenger car, therefore, a greater annual hazard; and that, 


consequently, th they distort the i insurance: rate of New York, making it unduly 
high in comparison | with those of other cities where the proportion the 


relatively safe private passenger cars insured is greater. Mr. 
"argument \ would be sound » granting his premises, if the > insurance rate were 


he ‘assumes, by totaling the premiums paid by cars of all 
classes, and dividing it by the total number of insured cars of all classes in 
- the city. Insurance vetes. are not made this way, however, but separately 


for cars of each passenger, bublie passenger, and. commer-— 


cial. 


the most important and i the most accurately determined, is the one ‘selected 


as a means: of comparison. — The variation from city to city” commercial 
and public passenger car rates does not differ ; greatly from that of private 
hazatr Passenger car rates, and no material error is. introduced selecting the 


preven latter as a standard. The fact that the ratio of insured taxicabs to insured 

in this: passenger ears is greater in New York than elsewhere, if “true, is 

“without force regards this discussion. and 


Proceedings, Am. Soc. C. E., August, 1927, Papers and Discussions, p. 
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or ail second question raised by Mr. Kelcey may be more pertinent. He sug- 
gests that, as insurance rates increase from cities of low hazard to cities of 

(Z high hazard, ‘the better | class’ of risks drop out, leaving a higher proportion 

of “bad risks” in cities with high rates, thus continually raising the Tates 

7 still higher. Tl his is a view held by many people, but by no ‘means universally; 


and among those who hold | that there i is such a hare opinion oe as ° 


when the Massachusetts law, that every automobile 
liability insurance, has been in effect longer. So far as the writer is” able 


to learn, during the few months of its existence there has been no decided 
indication that the addition of the large number of those formerly uninsured “petit 

to those already carrying insurance, | either in Boston, with its high rates, or as _teflec 

ae in small cities in the ‘State, where rates are much lower, has « either raised “math 
“o- or lowered the loss ratio; that is, the ‘newly insured cars, taken as a whole, fos 
seem to be neither worse nor better ‘Tisks, in any decided than those How 


rathe 


raises 
considerable. part, by In substantiation 
0 of this, he instances that the ‘Detroit Automobile Club began in 1922 to sll 
ins urance to its ‘members ata lower rate than that of the stock insurance | 


companies, and that within ‘the next two. years. the ‘stock ‘companies’ rate 


paper 
‘mobil 
City. 


was reduced 30 per cent. He states that the Cities of | Los Angeles, San Popul 


F rancisco, and Chicago “ are understood” to have. a similar experience 
following the sale of automobile insurance by local automobile clubs to their 


anil The | loss experience sheets of the National ‘Bureau n Casualty and Surety 
| Underwriters show that on policies written in Detroit. in 1922 ‘the claim 
- frequency w was 4.0; that is, for every hundred policies w ritten that year, 4.0 
claims” resulted. — In 1923, this frequency dropped t to 3.7, and, in 1924, to 3.0. 7 


a Correspondingly, t the insurance rate dropped 25% from 1922 t to 1926. . Thus, 


. the rate trend followed the claim frequency trend, and no competitive i nie ; 
% In Los Angeles, claim frequency dr 
1922 claim frequency was abnormally high, 00 that the improvement 


not been 80 great as appears from these two figures alone. ‘Since 1922, 

‘insurance rates have declined 20 per cent. ‘be Here, a again, while a decline in P 
rates , has oceurred, as Mr. Kelcey states, ‘it is less than the decline in the © 
frequency of claims. If Automobile Club of ‘Southern California 

played a part jn rate reduction, that part has consisted in its valuable vomit 


In San despite the existence of the automobile club to which 


Mr. Keleey refers, tl there has been a slight increase in automobile liability 


insurance rates since 1922. In 1926 , they stood 5% above the 1922 level. 
= _ There has been no sustained trend i in the claim frequency. It was 4.0 in 1922 


and, again, in 1923. 924, 40, but, in in TOS 
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average severity of accidents also appears to have been whbormelty high in 


ion c In Chicago, claim frequency dropped from 6.6 6 in 1922 to ) 6. 5 in n 1993 and 48 4. 8 8 
ites. : in 1924. The insurance rate declined 22% from 1922 to 1926. th none of these ce am 
lly; does the competition envisioned by Mr. Keleey appear to shave 
sto played a part in affecting the insurance rate level. ait 

=a It is not ‘the writer’ S view that public liability insurance rates make a 

- perfect yard- stick for measuring hazard variations, but he does believe that 7 


are decidedly the best 3 measure available. He emphatically does not 


believe (and the figures support him) that insurance rates “fluctuate 
-petitively in the sense that gasoline prices do. Rates are not an ee 7 


_Teflection of hazard fluctuations because they are damped (by the use of 


mathematical formulas, of ‘country-wide application) to smooth out extreme 
_ peaks and hollows and, therefore, show only established, not accidental, trends. — _ 

_ However, there is no question but. that they are determined by such trends, 4] 


Mr. Kelcey apparently takes issue with the whole conclusion of the 
ia | phan that diffusion of population decreases the hazard of operating an auto- a 3 
mobile. He instances the infrequency of “traffic ; accidents in the 
ance. _Wehicular and pedestrian tre affic at Fifth Avenue and 42d Street, New York 

‘pulation leads to a decrease in the number of possible collisions p per 

“ie ce distance of travel and thereby reduces hazard” and “ ‘most automobile ‘eolli- : 
their sions with pedestrians occur in residential districts.” Residential districts, 


he: states, a are areas in which the population is diffused; hence, the contra- 
‘eas The fallacy i in Mr. Keleey’ s reasoning is that sometimes population is dif- 7 


fused i in residential areas and sometimes it is not. Who would say that the : 
~ Lower East Side of New York was not a residential area and who would s say 7 


‘most 


that it was an area of diffused population? The fact of the matter is that mos 


‘Pedestrian accidents oceur ; in residential areas, and that, as a rule, these areas 
- are the congested, tenement districts of the ‘residential part of the city as a _ 


“whole. The writer mentioned this in his “Conclusions”.* - Data since collected _ 
him now to illustrate the point numerically. OTA? 


New Haven, the highest class (single- family) residential area, where 


“population i is most diffused, is traversed by approximately 16 miles of streets. 
In this region, records of the Department of Motor Vehicles of Connecticut 
“show that not a single pedestrian accident oceurred during 1926. Approxi- 
mately, 100 miles of streets traverse areas | outside the central business district a 
Which are unrestricted for residential use. On this 100 miles of streets there 
i in excess of 200 pedestrian accidents i in 1926. 


pea Mr. Keleey presents a diagram (Fig. 4), + based om data from the State 


‘Highway Department of Pennsylvania, which, to his mind, shows that the iu! 


“Tore diffused vehicular traffic becomes, the ‘more hazardous automobile opera- 


claim 


Proceedinge, Am. Soc. C. E., April, 1927, Papers and Discussions, p. 
Loc. cit., August, 1927, Papers Discussions, p. 1288. 
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His data relate 1 to rural, not urban, conditions, it is 

questionable whether they do : not indicate the reckless. character of the traffic 
on the highways at 2:00 a. M., ,as much as anything else. " He is correct, how. 


in thinking that decreasing the: density of traffic 


traffic. A diffused vehicular traffic. an traffic, por often 
becomes : a high- speed traffic, , which is correspondingly dangerous. Ww, 


ae ‘The writer has not urged that vehicular traffic be diffused. . He a 


= | that population be diffused, and that in passing through areas of diffused | 
vehicular traffic be concentrated in arterial ways of 
density that their. continuity may bring safety. 
« 


My, F inch* expressed the idea much more 
‘in attacking the street accident. problem ‘as it now exists in any 
city, he states, is important to diffuse population and to concentrate 


[vehicular] traffic. a In other words, spread out, population until the > smallest 


possible proportion is encountered in a given street, and then put the largest 
of traffic thr ough that street, regulating it 


ap of traffic is much less often impracticable; 


it is obviously good sense, but i is often not done. 


As an instance of this in the neighborhood of. the writer’s home, traffic on 


a “through” route traversing: city, has intentionally b been routed over 
wees 
aT several parallel streets, although ‘the volume of it is not so ‘great that one 


q street could not handle it all. Asa result, sparse streams of out-of- town 
_ vehicular traffic pa pass through an an apparently quiet residential section at fairly 
high speeds and, without w arning, come toa cross street earrying a fairly high 


speed and fairly heavy, but often, intermittent, city traffic. Some of the worst 
accident | corners in the city are ‘the result. _ ‘The through traffic ‘should be 


; - gathered into a condensed stream on one street, freeing the parallel residential 
streets « of it; and this stream should be controlled by lights or otherwise | where 


* it crosses other traffic arteries. _ Almost every city can show examples of a ‘the 
same failure to appreciate this law of he street use. 
of ‘other worth- while pointe. were, brought out in discussions. 


. Colet called attention to the fact that | nine of the cities shown on th the 
pevetin" s Fig. 3{ have been doing organized street safety work for some years, 


and that. seven of these nine cities had ‘ ‘actual d lower than their 


hazards.” be: This i is significant as an of the 


Am. Soc. C. E., "1927, Papers and Discussi 
eee Loc. cit., April, , 1927, Papers and Discussions, p. 527. ee ae 
Loc. cit., September, 1927, Papers and Discussions, p. 1731. 
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Protessor Kirby§ calls attention to the very great need Of more adcyuar 
sand better organized statistics relating to street and highway accidents. 


‘Holleran® and Mr. J deal with 1 measures developed i in 
their sphere of highway work to make highways safer. lacking to 
comment adequately here on other ‘points of interest. 
Colonel Barber’st discussion emphasizes, i in words that will bear ‘repetition, 


- the fundamental importance of more satisfactory planning of cities, as follows: “ 

2% “The modern conception of a city or metropolitan region contemplates the 

‘location of commercial, industrial, and other centers at 

distributed points, with housing and community facilities for employees in : 

close proximity to each center. _ The working out of this conception should 


a: economize not only time and expense of travel, om should also tend to —— 


ams of 


2. 


the use sof city ‘streets; that i is, with the basic economics 3 of city 
writer. _ The problem of automobile accidents confronts the city as an existing 
in any a 
; 
entrate 
mallest last 20 years the n of thost large cities in has 
largest increased from 5 a to 600, or ‘more, per cent. There is reason to believe that 
ting it such increases of urban population, will continue to be typical. _ There is, 
ition 1s therefore, e every reason to give more constructive thought than has yet ae 
ticable; er generally given to the probability of such i increases" and to their street- traffic 
implications. By all means, cities should avail themselves of the 
-affic on that Mr. Holleran’s ion. enumerates” and describes as palliatives rather 
od over. cures. However, with them they must. give (and progressive cities are 
hat one - giving) increasing ; consideration | toa a more far- sighted view of future traffic 
of-town ‘needs and to the provision n of the proper facilities to meet them 
it fairly Am. Soe. C. 1927, Papers and Discussions, p 
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EYE BAR ‘CABLE SUSPE :NSION 


“ng, 


Leow M. Am. Soo. E- —This paper is of much interest. 


It tells of the design of a new type | of : suspension bridge and how it has been 


-suecessfully erected and put in use in a foreign: “country. a tells of a 
novel material that has been used in bridge building. ‘The engineers who have 


planned, designed, erected, and managed the ent enterprise and now report on it 
The form used for the stiffening truss of the Florianopolis Bridge has 
undergone : a long evolution and has been discussed at various times in engi- 
“neering offices and publications before it took its present shape. It ; may b be well 
sketch here’ briefly the development of the stiffened cable bridge. adi 
_ ‘Since the time when suspension bridges, stiffened by a railing, had been 
found to be too limber, it has been the aim 1 of many engineers to stiffen = a 
cable directly by making it serve either wholly or partly as a stiff member. 


The simplest form that this idea ‘took was” that of of splitting the cable i in two © : 
- parallel chords placed vertically apart and bracing them to each other so as 
to form an inverted arch. This form has been realized in several smaller — 
bridges and several « decades ago it was proposed by Gustav Lindenthal, M. Am. Bs ; 

- Soe. C.. E., for a bridge over the Hudson River. In 1874, the late James B. 

Eads, F. Am. Soe. C. E., ce a design of a Anant cable in the form of 
an inverted three- hinged arch made of two bi-convex halves. The same idea 
“found a simpler expression later i in the bowstring type of which the Old Point 
‘Bridge, built at Pittsburgh, Pa., in 1878, by Hemberle, offered an excellent 

example. In 1875, Fidler, in England, . propos dg a modified type of bridge: 

* Discussion on the paper by D. B. Steinman and “William Grove, Am. 


E., continued from November, 1927, Proceedings. av 
t Cons. Engr., New York, N. Y. 
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MOISSEIFF ON FLORIA ANOPOLIS: _BRIDG 


consisting of two intersecting cables tied 1 together by web ‘bracing. ‘Each 
ee cable was to take the form of an equilibrium curve e with 0 one half span ‘uni- - 


formly: loaded. The upper branches of these curves then become straight 
lines and cialis the 1 upper chords of the stiffening truss. | Whe hen 
is — and uniformly loaded the ere curve of the system will coincide 


the bridge 


a The stress in the chords will 


remain They can can built, therefore, as tension members 
exclusively. This, of course, offers substantial advantage i in economy. 


7 - It appe appears that Fidler’s braced arch is but a special case of a general type 
of a ‘suspension bridge formed of two curves” intersecting at mid-span and © 
braced t to. each other and “possessing: the characteristic “mentioned, of tensile 
stresses i in the chords exclusively. in France, p ‘published in 
sketch, and in the same year, Ende, in England, published | the 
general analysis, of ‘this, type of truss. Ende shows that by selecting a _ depth — a 
of truss at the -quarter- points: that is a function of the ratio of the live load to. 


the dead 1 load, 1 two curves can always be adapted that will form the chords of 


crescents hinged | together. _ These curves will remain in tension under 
all positions of the specified intensity’ of live | oad. In other words, the axial 
stress, due to the weight of the bridge and the live load on it, will never be — 
exceeded by the ‘stress caused by the flexure « of the truss. ; 


In 1895, the speaker, under the » guidance of ‘William H — Am. Soc. 


"3 selected as a thesis the then much discussed bridge « over the ‘Hudson a 


Riven, with a span of 3 000 ft., and developed a design on this | type. In 1910, 
the ‘Pennsylvania Steel Company submitted several designs for second 
Quebec Bridge. One of them was the design proposed by Mr. Lindenthal for — * 


suspension bridge. It consisted in the center span of two intersecting curves 


forming two braced crescents hinged together at mid-span. — The side sp 


ae. consisted of braced segments formed of a lower curve and an upper s strai ght : 


chord. In 1924, the McClintic-Marshall Company, among other designs 
for the Sydney Harbor Bridge, also proposed a 1600-ft. span on practically the 


rerman ctigineers have been always 
4 stiffened suspension bridges and since the } Nineties many and various “ferme of 


kind have been discussed in German engineering literature. 


co In 1903, Mr. -Lindenthal, while Commissioner of Bridges of New York 


Ci ty, proposed an eye- -bar bridge for what is at present the Manhattan Bridge. - 
ar The main | feature of his plan was a chain of eye- -bars that would sustain the 
a de ad load of the bridge and form an equilibrium polygon. To the chain a truss” 

was attached which consisted of a lower chord ‘capable of resisting tension, and 
= a compression and a web system. The lower chord, beginning from the 


about the quarter- -points and continued parallel with the roadway grade that 
half of ‘the s ‘span was practically horizontal. The live load 
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half the bridge. The sei who was in pond of the design, then See 


iW 


: at the conclusion that the form now adopted for the Florianopolis. = 


would 4 prove more suitable, : as it dc does not ‘require ‘an additional wind chord : 
and presents a more pleasing ap appearance. ods ay 


In 1907, the speaker made a design for a a bridge across the Kill van ‘Kull — 
“between Staten Island, New ‘York, and New J Jersey, in which he proposed a 
stiffened suspension bridge of exactly the type adopted s subsequently for 

_ Florianopolis ‘Bridge. . An outline outline of its elevation tion and cross-section is ‘shown a 


oun 
ut 4 


dusts 


‘Fra. 42.—-SECTION OF PROPOSED OVER THE KILL VAN 


bridge was planned a railroad and highway ay bridge. 
Tt was | proposed to provide for four railroad tracks, two surface-c -car tracks, 
TOW roadways, and a footwalk. ‘With the heavy live load, amounting 
0 Ib. per lin . ft. of bridge, and the greater stiffness required for rail- 
“se traffic, a deep stiffening truss became a necessity. The design’ shown was _ 


more suitable because ihe short 1 200 ft., which was 


| 
4 Papers.) MOISSEIFF ON FLORIANOPOLIS BRIDGE 2703 
i 
7 
— 
— 
er 
“a 
on 
— 
10, 
nd 
or 
rht 
ns 
SSIs 
the 
"USS 
4 
and 
the 
l at | 
chat 
the — 
Romie use of nickel-steel eye-bars. at time these bars were the strongest 


ON FLORIANOP 


ball 


‘steel available. The arrangement of the eye- bars i is shown on 
the cross- -section. p The lower chord wa utilized the chord of ‘the horizon- 


tal wind truss. For better appearance, the truss ends a at the towers show the 


_ The type of the ‘stiffening truss of the F ‘lorianopolis Bridge, however, has” 


és limitations. 5 he the span grows longer | the depth at the peaks of the truss — 


becomes greater, with the result that the web members become excessively 
long and limber. | This i is still more accentuated by the fact that to obtain the 
economy with this type of truss the versine of the chain should be 
/=_ large and with it the depth « of the truss at the peaks increases in 


proportion. ‘Thus, for example, a span of 2.000 ft. would well ‘result in a a depth 
of truss at the peak points of more than 85 ft. 


_ Another limitation which effects one of the reasons for the type is the 


oy that the 1 moment curve of the stiffening truss s begins to flatten as the : span 
and the e dead load increase > and its depression : from the quarter- points tow rard 
the middle are much 1 reduced. Considering that the wind m moment is greatest 


in the middle portion, the combined moment curves ; become » nearly parallel 
the lower chord. Much of the advantage of this type e will thus be lost. 


‘make its best showing where the live load is and 
the ‘not too long. This points directly railroad bridges’ “carrying 


freight as well as passengers. . The stiffened chain bridge, therefore, will be. 


found to be most suitable for long- -span railroad | bridges. 


wut 
For modern long st spans with relatively light loads of highway traffic, surface 


- ears, and even rapid transit trains, the suspended stiffening truss with ee 
chords will be found suitable for the center span, 


In ‘discussing ‘the rocker towers of ‘the Florianopolis Bridge the authors 


‘state that “the evolution of si suspension- -bridge tower design. has been marked 
by three successive types”.* First, the rigid tower; 


tower; ; and “as a further step toward the “reduction simplification 


of tower stresses, ‘the rocker - type | of tower has been developed. Historically, 
this is not correct. chain design proposed | 1908 for the Manhattan 


‘Bridge provided for towers of the rocker type; s “so were the towers of the 
Budapesth Bridge. At that time no bridge of any ‘size, with towers designed 

yy to bend, was either proposed or built. The present towers of the . Manhattan | 
= : - Bridge | were the first to be designed i in 1905 with fixed saddles and proportioned | 
to allow for their horizontal displacements by bending of ‘the steel posts. The 
ae  fixed- tower design was then chosen for its better | ‘appearance as well | as easier 
The Budapesth and the Cologne Bridges are. low-level bridges and 


Pe of ‘comparatively short , SPARS, their towers are not high, and to deflect them 


these bridges making towers were 


fing 


caused it become light for ‘slender towers. “One pane to 
recollect that the unit stress for bending is. inversely proportional to the 


ae © Proceedings, Am. Soc. C. E., May, 1927, Papers and en 723. 
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- square of the tower height. This is the guiding principle in the technical — 


selection of the tower. Correetly designed and proportioned, tall tower with 
a fixed base should hardly require more material t than a 1 rocker tower. } Pha ow 


off Ttr may be of interest to state that the McClintic-Marshall Company, that i is 


} 7 “building the Detroit River Bridge with a span of 1850 ft., has adopted see 

McC. -BEANFIELD,* Assoc. M. Am. Soc. letter) +This Paper 

presents m much information of great value and considerable interest, especially 
q an economic in the design and erection of long-span bridges. 
q 4 ‘ _ The novel features in the design and installation of this large structure have 


demonstrated som me economical advantages that will doubtless have consider- 


a: influence in the planning of future long- -span \ bridge projects. 7 nd 
2 The writer has had occasion to check the stresses in a structure containing — 
several groups of eye-bar members. _Extensometer readings were made with | 
(with a ‘Berry -in. machine) and temperature changes 
checked with a a standard try- bar. ( - Considerable variation in stress was found ; 
in the individual eye- -bars that were grouped to form a member of the truss. - 

While the cause of this variation in stress in each -eye-bar is not definitely *g 

known, it is ‘the writer’ opinion that: the pin clearance, minor ‘differences 

between pin-hole distances that require extreme care in shop “measurements, ’ 

and stresses and deformations in the eye- e-bar heads, were the 


would be interesting to know if extensometer readings were taken 


“the eye- bar chains to ascertain if there was : any gr eat variation in stress in the a 
individual | eye- -bars that ‘were grouped to form: a unit | or link of the chain. 


By: comparison, it would be of further interest ‘to know if there i is much varia-— 
ed . ‘ tion in stress in the v wire strands i in some of the large suspension bridge cables. 
ail oo One of the most important structural units in a suspension bridge is + 
tower castings supporting the cable. Maximum intensity of stresses in these 
q castings should be > comparatively low. Int this connection, there may be some 
the as ‘to the ‘amount an: and | intensity of the secondary stresses induced 

in the casting and connecting « eye- -bars due to fixity or or lack of rotation i in the 


pin joint. If the primary stresses in the eye-bars are not sufficient to ‘overcome — 

the frictional resistance of the pin, ‘rotation will not occur, and the joint may _ 

be considered as fixed. According t to experiments of Féppl, the coefficients of a 


friction for § steel pins on steel 1 may vary from 0.25 to 0.29, which \ would indicate 


that: the pin friction would ‘permit stresses of about. 50% in ‘excess. of 
srimary stress prior to rotation on the pin. ati 


Data on the frictional re resistance of pins are very meager. Any assumption 

~ made relative to the coefficient of pin friction is more or less a matter of 


guesswork which, in reduces ‘the reliability of secondary stress analysis 


; . Structural and Mech. Engr., Los Angeles, Calif. 
ae by ‘the | Secretary, October 11, 1927. 
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BEANFIELD ON FLORIANOPOLIS BRIDGE 


te The design of the rocker casting details at the base lt the tower* presents | 


some very interesting features that raise s some questions, as follows: 


Security. against displacement by earthquake shock, “Particularly 
tote — (b) The extreme high bearing stress on the contact surface of the 
[- "- yocker castings extending over a line of contact 45 in. long, on 
which 4840000 lb. must be supported. = = 
ik mnne action of the horizontal component, or wave of an earthquake, sets up — 
a violent 1 movement of the earth’s crust which, in turn, is transmitted to ie. 


lower supporting medium of the structure. The upper part o of the structure, — 
due to its inertia, tends to remain in its original position. — ‘Therefore, the — 
hinged or flexible tower castings, ‘together with the four 3-in. screwed dowels _ 


= columns, must resist violent successive » forces (shears) before ‘they can 


move the superstructure in the direction of the vibration 
9 Furthermore, the effect of the period of seismic vibrations | on the ee 
_ stresses in the structure, combined with the peri iod of elastic vibration of the 


i} 
structure itself, is a matter of considerable’ importance, especially i in the tower 


frames, where nearly all the load of the ‘suspended — spans is supported on the 

top of the towers. ‘This condition tends to intensify the oscillatory movement, 


thus increasing the destructive forces induced in the structure. For this 


“reason, it would indicate that suspension bridges, in general, are not adaptable 


“role. 
ta locations known to have (active) seismic disturbances. a, 


In general, more serious consideration should given to the resistance 


to seismic forces in structures, ‘particularly those projects involving millions | 
an of dollars in cost. It is a fact that there are no white spots | on the earth that | 


are free from: seismic disturbances. _ There are ample records showing that. the 


stern. slopes of the Western: Hemiaphere have had a fair number of very 
destructive earthquakes, such as a series of ‘violent earthquakes in the 
Lawrence region in 1633, the Boston earthquake in 175 5, ‘the Missouri earth- 


- Engineers on the Pacific Coast are giving serious ‘consideration to the 
- = of seismic analysis of structures, probably - more than ever, due to the 
influence of the recent Jay apanese earthquake. Also, since the Pacific Coast 


earthquake, the insurance rates have been endear: increased, the same — 


ing alike to properly and poorly designed structures. 
In ‘the design and construction of the Carquinez, Strait | Bridge, in 

California, one one of the largest eantilever type bridges in the world, resistance 

to seismic forces was considered | by the installation of hydraulic | buffers to 


_ absorb some of the shock and automatically unite the structure together, to 


The cost of providing proper r resistance to minimize damage from earth- 


a quake shocks i is a very small percentage of the » total cost of most ‘structures; 


4 ‘therefore, from : an economic standpoint, it would be a wise policy. bial Oe 
Relative e to the rocker bearing, which is virtually a linear contact 45 in. 


long, about 4 800 000 Ib., _ there must be considerable deformation 
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STOWELL 0 BRIDGE 


of the contact surfaces with a unit bearing stress. of high intensity. It would 


be interesting and instructive to know - basis of "design for this important ae 


F. Am. Soc. C. E. (by letter). -t—The Florianopolis 
marks an epoch in suspension bridge | construction and although it is 


_ of comparatively moderate ‘dimensions for a bridge of that character, in design 
— and construction it so typifies, in nearly ¢ all its” elements, the most advanced 7 


ideas and research that it is s likely to serve for a long t time as an example to 


be followed | by those who seek perfection the building of such bridges. 


hile’ Many of the distinctive _elements hav 


 - 


‘the first time; and the designers’ lene and complet explanation of 


and processes ; leading to their results make this paper a a classic | of its kind. prey 
a The one discordant note in the otherwise harmonious whole is the cunfor- — 
tunate predominance of f the ‘single element of cost, which prevented the use 


n 

wire instead of eye- e-bars for cables “by a small margin”. The superiority 
wire: over eye-bars for cables i is so great that a difference in “by a small 
margin” should not be a controlling factor i in deciding between them. peat TOT 


a In an: any long- -span bridge of whatever type the dead load i is always the | chief - 


part of the weight to be supported, and various: devices are adopted to reduce 
_ this weight to its lowest t terms. This i is accomplished both by skillful design- 


ing - and by the use of various kinds of alloy steel of greater strength than 
stru 1etural steel, thus: a quantity to be used; or, 


increase its strength thus reduce dead weight of the: structure. 


The cables” of the Florianopolis Bridge are made of eye- -bars, each cable 


composed of four bars 12 in. wide > and approximately 41 ‘ft. long and of 
thickness. varying from 118 to 2 in., proportionate to the varying maximum — 
stress in the different panel lengths. The chemical composition of the , steel = 


used for these eye- bars is not given, so that its approximate normal strength © 


before heat treatment cannot be estimated but, after treatment, the thirteen — 
bars used for full-sized tests gave an elastic limit (y ield point) varying from 
48 180 to 96 830 lb. per sq. in, and an ultimate strength of 115 970. to 137 900 7 
db. per sq. in., the specified requirements being a minimum of 15 000. Tb. and 
105 000 lb., . The capacity of the machine which full- sized 
- tests 1 were to be made, was s limited | to lengths of 40 ft., or less than the lengths: 
generally 1 to be used for the cables; so ) that of the twelve bars originally decided . 
upon for such tests, only two were actually selected from those made and 
intended for for ‘he bridge, while the other ten were bars. made expressly 
for testing g purposes and not actually y representative of of those to be used i in the ¥ 
a bridge. — Iti is contrary to the experience of human nature not to assume that, c3 
= knowing that these ten bars were the ones made expressly; for test purposes, 
extraordinary care would have been taken to make them i in every particular 
8 as nearly perfect as was humanly possible; and yet one them failed sig- 


7 nally i in that it did not give nearly the percentage of elongation expected and 
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= by the Secretary, October 27, 1927. 


made, which fll all the 
_ Fequirements. . How many - of the other bars, which 1 were not tested, might 
show similar results there is is no possible means of determining. the bars 
"made, including the one that failed, were subjected to « delicate and i ingenious 


Be. to determine their degree of hardness and the uniformity of their tex- 
ture; but, unfortunately, no one can tell how much a bar is is going to stretch 


| 


» It may be interesting to consider what may be the rest result if even one of 
thes were toh have as low a percentage of elongation as the test bar that failed. 
This bar measured 12 by 2 in. and showed a percentage of elongation. of 3.8 f 
a on a measured length of 18 ft., while the other ten bars” tested showed an : 
average | percentage of 6. 996, or, say, 7 for the se same length. The | bars of this 
‘size are ‘mostly , used in the ‘back-stays (176 in n all) and in each - panel length th 
there are four such bars, bearing a total maximum stress of 4381000 lb., or 

45 635 Ib. per sq. in., if all all four pull equally. _ When placed under stress all 


these four bars must elongate to. an equal amount and if any one of them - ns 


abnormal in respect of having a ratio than the three 


ol 


and the others” will be ‘correspondingly ‘relieved. With one bar a group 
of four having an elongation percentage of 3.8, while the percentage of the 
_ others is: is 1 0, ‘means that, in order to stretch all of them to an equal amount, : 
others 21. $% thereof; that is, for a  enalana total stress of 4 381 000 lb., the 
abnormal be bar will carry 1542 112 |b. or 64 250 per sq. in., while the 
normal bars carry 2 838 888 bb., or 39 429 Ib. per sq. in., instead of the intended 
maximum of 45 635 lb. per sq. in. which all were designed to carry. pois) 
_ This, of course, is pure hypothesis and is only offered as an illustration | 


of the incidental the use of chains of this a 4 
| tion 


and against which there is no positive insurance. 
With every kind of forged or riveted structural members, full- sized tests 
are destructive to the members’ tested and, at best, knowledge of the actual Pe 
opoli 


strength of the members used in the structure is based inferentially on the ) 
of similar members tested to destruction ; but with cable wire two 
 full- sized tests on every individual \ wire in the ceable can be made; and these wisel; 
: tests, moreover, are always made on parts . of the wire known from experience 
to be the poorest, namely, near th the ends. The process of wire-drawing itself Kon 


isa good criterion of quality and uniformity. Occasionally, but not very ee 
often, a wire will break in drawing, which indicates some undiscovered flaw cone 

or Inequality | in the metal, and, of course, causes the rejection of that par- a n 
_ ticular wire. 1 There is no kind of steel construction about | which there is = 

these 


such absolute and a irate knowledge of qualities and strength ‘as modern 


Another advantage of wire over eye- -bar cables i is ‘the ‘very much less weight 
Tying 


a) +s “metal used for splicing purposes. In the Florianopolis Bridge the cable 


e bars are connected at intervals of about 41 ft. and ‘the amount of metal use J 2 
for connection Purposes only, consisting of eye-bar heads, pins, nuts, etc., 


large, but the given data are not sufficient to estimate it t accurately. 
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330 lb., wire spliced to the next one 
the Manhattan Bridge these sleeve-nuts are 13 in. long and weigh about do 
On the Delaware Rives Bridge they ar are 2 in. Tong and weigh about § oz. 

In an eye-bar cable, moreover, there are many places accessible. to a 


which cannot be reached by a paint brush or even by a spray, such as the 
spaces between eye- bar heads and , in the | case of elongated eyes, as in the 


lorianopolis Bridge, the vacant part of the eye. Ina a wire cable, ‘the entire 


interior is saturated with a rust- “resisting mixture, tightly squeezed under 


pow verful pressure, 1 tightly wrapped Ww ith galvanized painted, 
making every part of the cable as proof against rust it possibly 


seems still to ‘per- 


raps still 
to, claim. “that ‘there is a ‘mystery about the of molten lead 


‘through which the wire is drawn for the. purpose of so- -called ‘ ‘galvanizing 
and the receptacle for this bath is carefully locked and guarded throughout 
the process. A large ‘manufacturer of steel plates” for ‘Tust- -resisting floor- 


treads’ declines to o furnish ‘any a analysis of his product « on the ground that e 
is a secret that he prefers not to to make public, apparently | oblivious to the fact 


that any one who’ wants such an | analysis can very easily make it. Asa matter — 


of fact, these plates are made of an ordinary grade of steel with the addi- — 
tion o of as s much ‘copper as can be used without making it “red short” . It isa 


good n mixture and w ell. adapted for its purpose, but the pretense of | secrecy 
‘. about its” composition is amusing. In the case of the eye-bars for the Florian-— ; 
opolis” Bridge the manufacturers adopted a policy of secrecy and refused to 
permit a1 investigation of their proceedings; whereupon engineers 


wisely declined any responsibility for such bars. Heat treatment of steel for 


| 


q 


these 

Reais | the purpose of increasing its strength is not a new idea, but its application on 

stself _ E considerable scale has not been practiced until recently, and | although t the 7 

very manufacturers of these bars deemed it n necessary ry to clothe their operations 


a smoke- “screen of mystery there is no reason to believe that any skillful eye- eye- 
bar maker could r not ‘duplicate their results. after very little experimenting 4 


and without a any pretense of co conjuring. s. Apparently, however, the makers of 

- these bars did x not foresee that their secret operations would necessarily lead 

to the result that. engineers in charge of work would decline 1 responsibility for 

any manufactured article produced by pretended secret processes. _ —6wti is grati- 
fying to learn that t the manufacturers of the eye-bars have : accordingly decided = 


discard the | element of f secrecy, under the somewhat tenuous that 


‘Reeessary, 


| ‘ 

ht — 

Ss 
3.8. 

ey {| be used for a maximum unit stress of 80000 to — i? — 
08 500 lb. for heat-treated eye-bars, thus effecting a further saving 

all the important item of dead weight. ~ & 

—q There is, apparently, among some. steel manufacturers a fascination for _ Ree 
wk ; secrecy in parts of their work, which is amusing even if rather silly. In olden ~ — 

_ times metal workers ascribed their success in producing jo 
oup to conjuring, and apparent yt ne idea or something. like it 
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PAPERS AND DISCUSSIONS 
This is not responsible for any statement made or expressed 
URBAN AND INTERURBAN BUSES 


By Anson Manstoy, M. ‘Am. 


anil 4 


Marston,t M. Au. ‘Soc. ©. —The ‘speaker began his professional 

~ | te in ‘railway: location and construction, and his memory extends back to - 

ye a period when “wild: cat” railways 7 were still being promoted and sometimes _ 

constructed. Those who have nev never r worked 0 on a “wild eat” ‘railway, uncer- 

| of ever getting their pay, have missed a wonderful experience. wt, 

The’ railway system of the United States was’ not laid out originally as a 
National ‘system, carefully planned. was” developed by a method. of “trial 

error”. Roads were built i in numerous instances s because localities could 

“ be foun id that would. offer attractive | bonuses. Later, many such lines, o or 

speaker has been member of the State Highway Commission of 


‘Towa’ for 22 years and wishes to discuss motor truck ‘and bus transportation 
from the: standpoint of the ‘State Highway Commission. The highways of 
“the United States are passing through a period similar in some respects to the 


early ‘stage of railway development, referred to previously. No sufficiently 
7 scientific study has yet been made of the proper design of an adequate 
National highway transportation system for the United States. Development _ 
mE of highways and of highway transportation has been, and still: is, ‘proceeding — 


a considerable extent by a method of trial and error. The speaker’ does 
feel ‘that’ such a method is wholly objectionable. ‘Scientific research 


should, in g general, | proceed | by a ‘method that permits variation of technique, ey 
and even of immédiate objective, from time to time, as the facts developed in > 


the investigation may indicate to be wise. | ai IER TEE Yo 


From the standpoint o of State highway departments, the present situation 
as to the development « of motor- truck and bus » transportation on the highways — 7 


* Discussion onthe paper by Britton 1. ‘Budd, Esgq., August, 


P 


t 


— 


ve 


unsatisfactory. “Such traffic: has developed unsought, and its present 
chaotic condition constitutes an almost impossible si situation, very much 


“if the electric or steam railways had to build b bridges and roadbeds without 
f traffic to be anticipated. 


MARSTON ON URBAN AND INTERURBAN BUSES» [Papers 


knowing the kind of rolling stock or me, amount 0 
in States that adequate legal 
_ transportation, there is in most cases little effective ‘enforeement of the rie 


= 4 Nevertheless, the speaker adheres to the | general belief that motor-truck | 
and bus. transportation is here to stay. State highway departments are 
tensely interested in the early development of adequate regulatory measures. 


: Immense sums 3 of money are being 7 on a the ¢ construction of permanent 


ie which ‘tom costly structures can ios protected against excessive damage by 
what, after all, constitutes only a a small percentage of total highway traffic. “ 
ae study of transportation. needs in Iowa indicates that there are important 
sections that are likely to be er entirely dependent on truck | and motor-bus trans- 
"portation for passenger and freight traffic. / Some railway branch lines have 
already” been abandoned. * In fact, in more than | one instance, a State high- 
= has been built in part upon the abandoned roadbed of : a former railroad. 
The speaker believes that the railroads are finding it unprofitable t to operate 
"several other branch lines not yet ‘abandoned. - he longest interurban railwa ay 
in Iowa is already operating motor buses for passenger transportation between 
different points on its line. The speaker believes that this practice is likely 
toe extend to the steam railways in some instances. 
- Nevertheless, there may be a reaction in favor of street cars and railway 


showing that they are preferred the standpoint of convenience and 


safety. ‘Tt may be that the present. preference for motor- bus transportation 


to some extent a a temporary fad. ow Abgost 

a . The speaker has had the e opportunity, asa bystander, to observe two -inter- 

instances of ‘motor- “bus as a substitute 


time a “motor -bus in 1 competition 
with the street railways. The bus operation continued until the buses were 
worn” out, when the company went into bankruptcy. A serious accident 
prenienlie- shortly before the bankruptey in which, by a a gasoline | explosion 
7 _ during the filling of the tank, s some people, were injured, { and one injured 
passenger died. The bus company was so irresponsible that no damage suit 
was filed against it, but, suit was brought against the gasoline filling station. 

- After the bankruptey of this ‘system the street railway company secured @ a 
_ franchise and is operating a bus system no its own, and the combination is 
giving satisfaction to date. fork: on a td heavony 
* ai Fee second . instance was in the case of the City of Des Moines, whieh 
— population of 141441 in 1925. On account of : a controversy - between 
the electric railway company and the citizens over a franchise, the street 
railway entirely suspended operation, and the city. was left entirely 

on. motor buses. After a. 
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This Society is not responsible for any or opinion at 


sures TIDES AND THE IR ENGINE RIN G ASPECTS i 
Messrs. Victor W. M. Buack, Francisco J. Gasto Mas: 
Iroad. Victor M AM. Soc. E.—This paper is a valuable 

perate treatise on a “difficult but very ‘real and practical subject. It 

ailway contains a vast ‘amount information engineers whose Ww ork extends 


to tidal waters and who are frequently required to determine | the elevations 


of high or low water. The evaluation of tidal ranges" and ‘elevations 

vital requirement in drainage or reclamation works ‘and in the ‘con- 
ailway struction of marine works of every kind, such as navigati n canals or —_— 


rtation author has treated a subject. that has great importance 

in the State of New J Jersey ; and one that has taken an advanced position 


o inter- the administration of its waterways and ocean frontage. Among the activi- 2 
bstitute £ to which this statement applies are: (a) The sale and lease of lands flowed 


f 10 000 B by tide water, the proceeds from which, amounting to 1 many millions. of 


ypetition “dollars, are by constitutional ‘provision ‘dedicated support of free 

ses were B public ‘schools; (b) the e construction of coast- -protection structures on which 7” 


accident . the State has expended large sums; (c) the 1e dredging, wherever | necessary, in . 
explosion the improvement of an inland waterway ‘route, approximately 120 miles 
, injured § in length, through the coastal lagoon system from Cape May to the ‘Manas- 
quan River; and, (d) the opening or closing of ocean inlets. 
In the sie or lease. of riparian lands flowed by tide water, one of the — 
first. requirements is ‘the location ‘of: the mean high- water line (low-water 
line in some States s) t at forms the boundary between State owned ‘and pri- 
owned property. Since the right to accretion depends on riparian 
“ownership, that is, adjacency to the limiting line of tide water recognized by 


1 laws of the particular State, property rights of the ‘utmost importance 
| 


nage suit 
station. 


secured a 
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_high- water line or other tidal plane recognized by the law. The tide line 


then is a natural boundary, the position 1 of which ‘determines valuable prop- 


S&S In the design and ¢ construction of wharves, bulkheads, jetties, « or other 
front structures, the determination | of low and high- water elevation 


one of the first requirements of design. works of this nature 
it is the practice to place wales or -stringers and other ‘braces at or 


low-water level. Serious disputes n may arise over the determination of the low- 
"water plane, especially because the contractor has only a short period during | 


-low- water slack tide in which to perform the operations at or near the low- 


the improvement or of waterway channels. and the construc- 


tion of navigation canals, of the of reference is 
s of waterways 


he anttaaion to provide a a minimum n depth of water at a given stage 2 of tide, 
: usually local mean low water, to be available when the project ‘is completed. . 
 - The elevation ¢ of local mean Tow: tide that i is s established before dredging a 


channel of ‘relatively large e1 cross-section through a tidal lagoon re region, will 
a: in greater or less degree from the elevation of the mean low-water plane 


determined after dredging. engineer must. estimate in advance | of dredg- 
ng just how much this disparity will amount to because the enabling legisla- 
tion or other regulation prescribes the minimum depth to be obtained in the 


at 


This shifting of the low -water and high- water planes, which follows ary is 
a ‘result of ‘the dredging “operations, depends on various hydraulic factors. 


The disparity between the old and the new planes amounts, in some places, 


17 


tu 
to ‘a considerable proportion of ‘the entire mean tidal range, the dredged 
chann 


el cuts through reaches of congestion, such as ‘shoals and tortuous 1 minor — 
regimen of. the 


of 
anes is effected 


yet if a tte {foit Tt 


| unknown ‘station simultaneous with readings at an established primary 
tide gauge station. a This method, which disre gards. any correction factor, 


requires: for applicability a close similarity of tidal regimen at the two sta- 


Simultaneous comparisons during: a relatively. short period, of time at 


the new or unknown station and at the ] primary or reference. station, utilizing 
an. adjustment, factor to. correct for dissimilarity. in the tidal regimen at ud j 
ue stations of comparison ; this i is wirtpally; an adaption of Method (a). 


h as degree 
1 accur acy ‘to 0 be obtained and the anc 
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at the two stations comparison. 


that of of tidal. should be ‘resorted to 


quently: and should be vapplied for each section oft waterway that differs 


Experience in in Mew Jersey has demonstrated that continuous 


“the tidal range for one lunar ‘month may be, and usually ¢ are, utterly inade- Gi 
quate for the independent establishment, of the mean high ¢ or low-water plane. 
at any station. The error in the result will probably ex xceed the nw per-— 


in to dredge ‘inland waterw ay channels. 


action is now Ww vell Tidal action in estuaries and in tidal rivers 
not sO W ell understood. — Th e best discussion of tidal action in estuaries, known © 


Due to Commander Rude’s_ well- known reputation ag an expert in tidal 
movements, and his position in the U. Ss. Coast. and Geodetic Survey, his 


paper must be considered sathoritative: However, it contains a few state- 
| ments which the writer, from the standpoint of an engineer who has | had to 
deal’ practically with tidal action in estuaries and tidal rivers, deems likely 
minor theory followed b by y Commander Rude ‘divides tidal waves into’ two 
inland namely; progressive waves and stationary waves. This classification is 
not universally accepted. The classification of waves in fluid bodies as ith 
flected | by Bonnet seems to lend. itself better to the solution of the problems: of tidal 
action confined tidal waterways, than that of Harris _ lab 
ngs at oe _ According to Bonnet, "wave movements | may be divided into two wo great 
rimary dlasses: V Waves of “oscillation. and waves of translation. Waves of oscillation 
factor, are produced when a vertical force, such as the attractions of the heavenly — 
is 0 lies, or t e fall*o a eavy ody, acts on a body of of water, producing a 
tary elevation | or depression of the surface over a limited area. These 


waves: have the characteristics of the tidal waves described by 


£ a * Maj. ae U. S. A. (Retired) ; Const. Engr. (Black, McKenney & Stewart), Washington, 


fate Reasivet by the Secretary, October 17, 1927. 
t “Contribution a I’Etude Théorique des fleuves A Marée et Application aux a 
a. Marée du Bassin de l’Escaut Maritime.” 


va 


1927, Papers Discussions, p. 1081. 


defect of the method of comparative readings ects of 
wings may not be felt with equal force 
=: n the surveys by the New Jersey Board $7 
er perience gained in these operations has 
ear 
ing a f 
| 
ruc- 
eee great importance to all engineers engaged in any work affected by tidal ae 
nga action. The paper is opportune and valuable. As stated by the author, the 
redg- 
n the 
i 
q 
| 
at the 
a sufli- 
pec 


a : BLACK ON TIDES AND THETR ENGI NEERING ASP } 
Waves of oscillation may be or ordinary. Periodic waves follow. 
as ordinary waves, | but the periodicity of movement follows perio- 


dicity of action, each action causing the formation 1 of a wa wave. ve. Ordinary 


waves: are those produced by a a force which acts once, or at “irregular inter- 


The tidal wave of the ocean a periodic w wave of oscillation. Waves 


- formed by a stone falling into water are ordinary waves of oscillation. 2: These 
waves may be divided into two c other classes: _ Those which nee to travel along 
surface of water, named i in French, “ondes houlouses” which may be 
translated into E nglish’ as 1s “swells” ; and those v which se seem to remain in one 
place, “ondes clapoteuses”, for which the word ‘ “chops” seems the best English — 
equivalent. The “chop” is formed i in liquid masses confined by walls. Under 
such conditions « a “swell” is reflected from the walls, with the | angle a inci- 
‘dence approximately equal to the angle o of departure and with the ‘direction of — 
superposes itself on the direct w wave. The “swell” 


is the natural movement in open and deep seas when perturbing influences — 


are negligible , while ‘the “chop” is formed in confined waters, 


boigge ‘a force acts horizontally on a liquid mass, a wave of translation is 


formed. This is propagated above or below the original water surface. In 
a first case, it is termed positive ; in the second, negative. ip 
Positive w aves of translation were first investigated by | Scott Russell.* 


They are formed in a channel by a rapid elevation of the water surface, as 


down by the opening (of movable dam, or advance of 


sippi, advance of waters causing the | flood, is another example, 


tive: wave es are produced by the rapid creation of a depression in a liquid - 


mass, as in the upper pool « of a canalized river by opening a movable dam. act 


con 
‘The distinction between waves of oscillation and waves of "translation is 
7 


of importance to engineers. — In the former class, slack-w water, which marks 
the change of current , direction, nearly midway between high 
dow 1 water ; “in the latter class, it ‘occurs at or close to high and low water. 
ve a The @ tidal waves 0 of. estuaries and tidal rivers of the United States at the 
Shes entrance’ are’ ‘generally waves of oscillation which gradually change into waves 
of translation in their course toward the limit of t tidal ection. If it is desired . 
to control only an current at any point, and this current is produced 
at that point by a a wave of oscillation, it is evident that the training wall 
need only be built to about the | level of mid- -tide, while’ if the tidal wave at 


that ‘point is wave of translation, ‘must be built to high- -water 


wave is formed through the energy from some source, 

and once formed, it must continue ‘until its energy is exhausted. energy 

of wave is measured by the work it can do coming to rest. The total 

energy _comprises the potential energy | to height and the kinetic 


half. living force, to the velocities of its fluid molecules. The 
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energy of a wave of of oscillation i in deep his been. shown to be approxi- 
mately equal to ‘the product of the liquid mass” contained in the orbit of the 

surface 1 molecules by the square o of the velocity of propagation 1 of the wave. 
ile open and deep waters, when resistances’ due to friction and obstruc- | 
may disregarded, theoretical velocity of wave propagation 

8 upproaches closely to the true velocity. ‘This theoretical velocity is given by 


the formula, v = Ngh h in which, v ‘thé velocity of propagation ; 


is the acceleration due to gravity (32.17 ft. per sec.) ; and h is the depth, in 
Tn shallow and crooked channels this formula does not give ‘results: 


sufficiently “accurate to be of great value to an engineer. 
{* | 
When a wave of ‘oscillation approaches a coast obliquely from the 


sea, the end of the wave nearest the shore i is retarded by t the shoaling waters, 


while the other end continues to ‘advance with its original velocity. a _ Waves 


thus seem to swing toward the coast line. When such a wave is ‘ropagated 


through a broad channel, deep i in the middle, an and with shoal areas along the 


“sides, the same phenomenon is observed. 


on When a wave enters a widely opened mouth of a bay normally, the two 


extremities nearest the shores, where the water is shoal, advance n more slowly _ 
central portion. ‘The wave then extends into a fan-shape 


becomes more marked as it progresses into the bay. a funnel- -shaped 
with its mouth seaward and with decreasing landward, ws waves ‘entering 


In estuaries and sided rivers, the wave is to hie ocean. 
a at ‘mouth. After entrance, the wave is acted on by the forces w 
the ocean wave, Very, slightly, if at all. The energy of an es estuary, 


or river, tidal wave at the entrance is that of the nenabiaie ocean wave. — | After 
entrance the energy gradually is exhausted by the work of friction on — 
and by the resistances caused by bends or ‘obstructions in the chan- pars 
Since this. tidal energy. is ‘the sor source of the currents by which the navi- i 
gable channels are maintained, it is the task of an engineer engaged i in the oa 
formation and maintenance of such channels to see that the works con- 
g , wall §f _ structed by him are such a8 will conserve , this tidal energy as much as possi- ae 
rave at ble, , for the benefit of the parts ; of the waterway lying beyond ; and, further, 
water to see that he does not’ make undue demands on the energy ava 


Me. on the 


energy Commander Rude ‘mentions* the increase of the ra (ond, therefore, of 


ware River tidal wave of the work preiting in n the channel of the Detar ier : 
below ‘Philadelphia, but above the entrance channels to the river, as con- 
“trated with the effect at Trenton, N. J.* A similar in the tidal range 
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the Hudson ai at Troy, N. resulted from the enlargement of the channel 
between ‘Troy and Hudson, N. Y. In 1876, the t tidal range at Troy was 0.8 


» With the mean low-water plane 3.43 ft. above the Barge Canal datum. 
In 1910, the range was 2.06 ft. with the mean low-water, plane 2.2 ft. above 


‘The ‘writer is in hearty agreement with the statement* that, — sulsanieg ym 


fertile field remains open. for the engineer in a study of the. changes 
in the tidal regimen in an estuary or in a river resulting from changes ae 
topography and depth in harbor and river improvements, in order that depend- 


able predictions may be made for proposed projects. 


illa 


Commander Rude’s paper, as well other papers by officials of the 
v. s. Coast and Geodetic Survey, § give ye statements of current action in 


> 
aries under the physical conditions which existed when the investig 
were made, and when data are available, of tidal “changes following 


pest in channel dimensions; but they, do not attempt to state what changes 
would occur in 1 the velocity of wave propagation, in the tidal range, ‘and i in the 
currents pi produced by the tidal wave action if extensive changes should be 


made 5 in the physical conditions of the channel by works of river and harbor 
‘improvement. It is of maximum interest to. engineers: engaged in such 


works know what such changes would be. In so. far as is known to the 


vor 
writer, M. Bonnet i is the only, engineer who has | gone into, ti this subject exten- 

which can be predicted the 


sively. He has been able - to deduce formulas. by w 
effect. of physical ega's in channel dimensions of the Scheldt River on the 


ae In restricted tidal waterways, the. t tidal wave is always propagated at a 


velocity which is ‘greater than the velocity of the | currents produced by the 


wave. In ‘such waterways the character of the wave frequently changes in 


its | from the to the upper of tidal action. In Hud- 


progresses up the Hadevn,’ | times of water approach more a 
more closely to the times of high and low 1 water, until above the City of 

a ‘Hudson, the times of slack-water coincide with the times of high and Tow 

~The wave there has the charac- 
of the progressive type (Bonnet’s nomenglature). The same is true 
“a n the E East River — the wave of oscillation entering at the ‘Battery 


becomes transformed into a progressive wave ‘between the 


aiid 


Bonnet states with truth that it is wr| easy to define, offhand, the “4 


nature of a river tidal wave, “for it is of the most complex of the 


phenomena of river hydraulics. ” He gives the following theory to account 


Am. “Boe. C. E., August, 1927, Papers p. 1104. 
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advance which is in the river, “or the entire ‘wave in is the ‘case 


in the Amazon and St. Lawrence, has a certain discharge toward the sea 
_ which i is a function of the resistances of the watercourse and of the volume _ 


hs The ebb current ‘thus formed is increased, as the tide rises, by the volume 


of water left behind by the portion « of the new wave advancing i in the - river; , 
at the same time, this : new wave itself tends to produce an ‘up stream | ree 
which tendency is continuously augmented and finally neutralizes the 
-down- -stream current completely. this instant, low-\ -water ‘slack 
When the manner in which this slack is produced As considered, ‘it is seen 


that it must always take place when’ the tide is rising, even when ‘thére is 


4 Ww 
‘no » discharge from. up ‘stream, ~The length of the period which 1 elapses between 
the time of low water and the t time of ebb slack will depend on the resistances 
offered by the river channel and on the volume o of the fresh- -water discharge. 


After the time of ebb. (low-water) slack, 1 the counter (down- -stream) current 


is less powerful than the current of the tidal. wave, 80 that the resulting > 


‘velocity i is a flood (up- stream) velocity. odd ¢ 


This ‘phase of the tidal action persists until the volume water left 
behind by the tidal wave in a unit of of time, added. to the fresh-water discharge, 


becomes a again equal to ‘the up- me flow produced by the tidal wave. At 
instant there i is produced a a new slack-water, known as flood high-water) 


‘altel fixed than i is ‘dist of low-water slack with respect to low water; but cm . 


i¢ vations made. on 1 the Scheldt and its tidal tributaries show that high- -water slack = 


is always” found after high water, except in the upper reaches of the tidal . 
rivers, where, under the influence of the fresh-water discharge, the flood slack 


_ precedes 1 high water. Close to the limit of tidal action a resich i is found where 
the flood slack coincides with the ebb slack. Above this p a 


> ebb current is the ‘ise of is entirely water from 


up stream. 


4 


"prevails in the ‘river. phase of the ‘tide. persists until the 


are slack, after which a new cycle begins. The existence of a counter cur- 


rent explains the abnormal ‘reduction of the velocity of propagation of the 


river wave and the rising of ‘the: mean level of the river in an up-stream 
summarizg, it can. be stated that the river tide is a resultant of the 
a combined action of a tidal wave, which goes up the course of the river, 


= and of a return current, which is formed as s the effect of the work of 7 
‘tiver-channel resistances and of the fresh-water 
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a M. Bonnet. makes a mathematical analysis of the effects of the frictional 
a resistances | encountered on the energy of a unit length of a a tidal w wave advane- 
_ing up the and | deduces formulas by v whieh the tidal action in the Scheldt 


river beds, which values must be determined by observation for each tidal | 


stream. Mi, stew oft to. goitroy adel seine 
as a It is to be hoped that future investigation will show the relation between 


‘these constants and the. physical conditions of the tidal channel clearly 


C enough to enable formulas to be deduced which will have a general appli- . 


“With reference to the practical application of the formulas to the prob-. 


ite isd 


lems of the improvement of any tidal stream, the writer agrees with M. 
‘Bonnet that:* 


7 a _ “When a project for the improvement of a tidal river is being prepared, — ; 
- the first task to be accomplished is the study of a mean tide of the river by 
means of direct observations and the computation of volumes. _ This pre- 
liminary study will give accurate data” on the high tide cross-sections, the 
‘mean depths at mid-tide, the tidal ranges, the volumes of the flood cur- 
rents, the fresh-water discharge, the mean level of the river, the velocities of. 
the propagation of the tidal wave, the velocities of the flood ‘and ebb currents, 
ee periods of tidal rise and fall and of ebb and flood flow; in a word, on all 
of the important elements which make up the regimen of the river. iia ry 
be 4 “When this preliminary study shall have been made, a possible longitudi- 
nal profile of mean depths at low tide can be determined. This profile should 
“be selected so that there ey, be assured a good | tidal propagation, the extinc- 


tion of the series of proper mid- tide mean depths wi 
since the river in its natural state gives sufficiently exact indications in its a 


charge of freshets, and the capacity desired. Generally, the selec- 
good. and bad reaches of the depths to be preserved or to be modified.” — See 4 


_ From the foregoing, one of. the river r tide phenomena, which for a long . 
time ‘puzzled the can be understood readily ; that As, how the changes 


wrt 
10 to 15 ‘miles’ cp of tidal wave, ection 
previously. given shows that the slack waters, which mark the 


high water. As the progresses up a a river, , the ‘slack-water ‘phases 
arrive successively from point to point, so that an ebb or a flood current starts 


at suecessive points. - The slack-water phases succeed each other at i intervals | 
of from 4 to 7 7 hours, the periods of ebb flow being the longer. Att the end 
i of each period, at each point: along the 1 river, ‘the current direction is reversed. 
‘Since the current velocities are usually less than 2.5 miles per hour, the total a 
distance through which a float will be moved by the current is from 10 to 15 : 


pri 


_= miles. Such a float, started near the head of tidal action, will pass down the | 


“Fleuves: a ‘Marées,” Bonnet, ‘Pt. IV, ter I. 
“err 
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or river with the ais ebb ; anne to within a few 1 miles « of its s starting point 7 ” 
the following flood; will again: start down the river; and thus 
‘gradually, after many tides, will reach the sea. 
While, in a tidal waterway, for long reaches the longitudinal of 
- mid-tide levels is “approximately a straight line, the lo ral profiles of the | 
local mean high and mean low-water levels are irregular curves, as shown in 


fai 


‘Fig. * ‘This shows the necessity for establishing tide gauges as reference 
‘ points at - comparatively short intervals along a 1 waterway, for the reduction of | 
soundings in hydrographic surveying. Otherwise, true mean low-water de pths 
‘ cannot be found. 4 Another phenomenon frequently found in such waterways — 
4 is | that: at certain points, during certain phases of the tide, the surface slope — 
of the water is u up, measured in the direction of current: flow; ; or, in other 


words, ‘the water s seems to flow up hill. 


Tis ‘Referring again to ‘Fig. 22, in his study of the Hudson River, , the writer | 
found that the longitudinal profile of ‘mid- tide levels was formed approximately 
by three straight lines. | Starting x from. the | Battery, at Ne ew Tork, the profile i) 
had but a slight imelinnticn until above Spuyten ‘Duyvil, _where a 


. break occurred and | the inclination from the horizontal became slightly 


greater. Thence, to a ‘point above Hudson, N. Y., on the profile 1 was a — 
Another break occurred at this and N. Y., 


In the course of his duties the writer has had occasion to study the ve 


a available on ‘the tidal action and the resulting currents in the Cape Cod Canal | 
and to make a careful st survey and. study of the ‘complicated tidal conditions 


at Hell Gate in | the East River, New York. An analysis of conditions in 
= Cape Cod Canal as they existed shortly after the Canal had been opened, - 


been published. surveying ‘methods “used at ‘Hell’ Gate, and the 


The writer’ 8 experience with respect to formed in a a narrow 


which connects two larger bodies of tidal water, is in agreement with that of 
Brown, as given in his discussion. Commander Rude’s statement 
that, | “The movement of the is largely hydraulic in is incor- 


if if it means th 
channels a are applicable in making “predictions effect of changes 


which will result i in the currents of a channel connecting two bodies of tidal — 


water, ‘the length, ‘curvature, dimensions of that channel are 
i changed. — 4 From the standpoint of an engineer, the term used by Commander 


Emme is so broad as to be misleading. The hydraulic ¢ character of the move-_ 


ment through Hell Gate is the effect of tidal actions. — To be able to modify 


4 this movement the interest of navigation, an seek the cause. 


Proceedings, Am. Soc. C. E E., August, 1927, Papers and Discussions, p. 1106. 


“The Cape Cod Canal,’ by Wiliiam Parsons, Hon. M. Am. Soc. Cc. E. Tra 
ctions, Am. Soc. C. E., Vol. LXXXII (1918), p. 1. 9s 


tH. R. Doc. 188, 63d Cong., ist Sess., ‘harvey’ of East River and. Little. ‘Hell Gate, 


‘ew York, and Resurvey of Hell Gate” also, The Miltary: Engineer, ‘Vol. XVIII, July—Aug., 
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ASTON ON TIDES AND THEIR ENGINEERING ASPECTS 


wri ‘iter is conrineed that ‘the conditions at Hell Gate are the ‘result 


‘Bays and East t River. The. rates and the progress of 
can be traced clearly from the Tide Tables of the U. Ss. Coast 
Geodetic ‘Survey as far as Hunt’s Point on the north and the north end of — 
Blackwell’ Island on the south. Between these two points the evidence 
~ given in the Tide Tables is not so clear. From these as well ¢ as from the 
; epsiaaiey tables published by the U. S. Coast and Geodetic Survey, it is seen 
" that t the rates of propagation of the tidal waves are greater than the velocities 
of the tidal currents produced by the waves, until Hell Gate i is attained. The 
_ onward movements of the waves do not cease when these points are reached, 
“ since the tidal curves show that their energies had not then become exhausted. 


4 
Tidal curves taken between Point, and the north end of | Blackwell’s. 


— 


, a Island show clearly the superposition o of the waves, and that they do meet 
a in, , and ‘north of, Hell Gate. Other” evidences of this action could be named.* 


a Hell Gate would reduce friction and cause sasha velocities. If, on the 


other hi hand, “wave action does exist between’ the limits named, such action 
cause, » first of all, a change ¢ of “head” between. the ‘two. points, by ‘per- 


wun An analysis | of. the tidal wave movements in the East River, more detailed 
than yet been made, _ will be necessary | before it is. ‘possible to ‘predict 
ie even approximate accuracy how, and to what extent, an increase in the 


- dimensions and curvatures. of the three channels at Hell Gate, and of the 
_ two channels to the e south will change the rate and amount of a 
propagation, the slopes, and the currents in that vieinity. 


lem of the reduction of the rapid currents in Hell Gate, a ‘problem of primary 
importance for New York and the nation. A similar necessity exists for the 


‘a _ further iahadty af the tidal action i in the other tidal waterways of the United 


36 J. Gascon,t M. Am. Soo. C. E. (by letter). t—Thi 


18 paper is 
interesting and valuable. The ‘whole world is indebted to the U. 8. Coast ‘and 


“-Geodetie Survey for its authoritative information about tides and currents. a 


son. The problem of determining the mean sea level, or mean low tide, is one 
ma that: often confronts | engineers, and they are not always fortunate enough, in 
. many countries, to be able to obtain ready-made information from a reliable — 


authority, such as the U. S. Coast and Geodetic Survey 
~4 * See Special Publication III, U. 8. Coast and Geodetic Survey, “Tides and Currents in — 
New York Harbor,” by H. A. Marmer, Bat 
oo») ¥ Engr. Bureau of River and Harbor Impvts., Dept. of Public Works, ‘Republic 


Received by the Beoretary, October 27,1927. .208 mA 
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4 pee of tidal conditions, if followed, ‘would throw greai light o on 1 the prob- 
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project. i in Isabela de Harbor on. the northern coast tof Cuba, the 


writer was confronted with the ‘task ‘of determining, in ‘the ‘shortest possible 
= the plane of mean low tide. ~The datum, once selected, was to be accepted 


final, for all sounding, for work, and for final measurements. 


As no local. information| worth having: was obtainable, mean low water 


“month; _ This was. s.the z zero or datum finally accepted for and it 


ed to be (by a fortunate coincidence) the almost exact mean low 


This matter of taking into account the 

the level of, the sea ‘to o obtain a mean of the whole year, received considerable 


other meteorological information was started 7 


7 attention. A record of tides and 


of 1918. "The record showed, since. its beginning, -tlte relative importance of 


monthly variation, on Cuban coasts , as compared with the mean range of tides. 


4 ‘The mean low tide in January, 1912, was 0.33 m. (1.1 ft.) lower than the mean __ 
low tide i in ‘September c of the same year. The mean range in Isabela de Sagua ua - 


ig 0. 48 m. (1. 6 ft. yy 80 that the relative ive importance of of the monthly variation : 


therefore, that independent one in. ‘Ja anuary the other in 


October, may obtain results for the same tidal plane, which 
‘differ by 1 ft. , or more; or that one observer 1 may obtain, i ina month, a ‘mean 


4 high: tide lower than the other observer has» obtained in another month for a 


low tide. The year 1912 was extreme in that respect, the average of the | 


‘ eight years of of observation giving 0.08 m. (0. 26 ft. ) below the mean 0: of the year, 
in anusry, and 0 0:60" 30 ft.) above the mean the 3 year, in 


nl ol 


elle or mean low tide, which was to determine the aaa during ‘a whole A 
to apply to that value a correction, positive or negative, equal 
to. ‘the variation from the zero obtained in the same ‘month at the Port of 


month and. 


the Port of Isabela de Sagua. If no “observations were = 


‘thoes: standard ports: (as is now unfortunately the case), a correction 


“The ‘Department of Public. Works, now building the Central Highway of 
. ba the Island, a modern road 700 miles long, has ¢ announced that it will establish 
bench marks, referred to mean sea level, on each kilometer post. iss oh * 
the paper by Commander Rude, reference is made to or. 
seasonal variation and the diagram (Fig. 19), giving the monthly ane 
Fort Hamilton, N. from’ 1900 to. 1909, “inclusive, shows it plainly.* 


The author states: “Sea level as determined by a series of observations 
+ Papers and Discussions, p. 1100. 
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ae ON TIDES S AND THEIR ENGINEERING Af ASPECTS 


extending over a month may differ as ‘a: 1 ft. or more from that 
_ determined by. another month”. _ This covers very well the experience ‘obtained © 
The further statement* that: “For practical purposes a tidal plane obtained 
pee a month of observations may be considered as fairly well determined”, is — 
not in contradiction with the other because it all depends on nm what i is. considered — 
‘Sufficient for practical purposes ; but if taken separately, it may be misleading. _ 

Engineers basing” their work on that authoritative | source will continue to 
> - determine mean sea level or mean low tide from a month ¢ of « observations and 


will believe they “practical”, leaving a any further observations or correc- 


siete The conclusion seems to be offered from the text that those monthly varia- 
- tions, although not always unimportant, cannot be determined on account of 
being due to differences of atmospheric | pressure. The: atmospheric } pressure 
was determined with sufficient accuracy at Isabela de Sagua, and the diagram 
_ showing its mean monthly variation resembles, although in the opposite sense, 
that of the tidal planes. ‘The highest pressure i in J anuary corresponds to the 
~ lowest level of the sea in that month and the lowest pressure in September 
October corresponds to the highest level of the sea in those ‘months. 
i Further studies could not be made because exceptional ‘months in the mean sea 
level could not be related to exceptional months in the atmospheric pressure, 
and thus no correction could be established for the mean sea level depending 
on the mean barometric pressure during the time of observations. 
_ However, if the mean monthly variation of the sea level, depends on 


must depend on some cause; and a as such it is within 
- the scope ¢ of the scientist. It is no doubt included in some of the elementary _ 
- constituent tides, of ye early and semi-yearly periods, which are summed up | 


the wonderful tide- predicting n machine of the U. 8. » Coast and Geodetic Survey. 
Wind observations were made at the same time, in Isabela de  Sagua, oa 

were given considerable attention, both as | to intensity and direction. Dia- 

“gre ams were thus obtained showing the average prevailing winds in each month. 
fats This information about the wind ‘i is s considered v very interesting in harbor — 
may even show, in what month or season of the year, a partly 


-¢ exposed location, i , it is advisable to proceed or to stop ‘dredging | or other harbor 
also gives information. about the best time of the year for ‘soundings, 


results t ilaq qa od 
Observations on ‘atmospheric pressure, rain, and ‘temperature were 


made s simultaneously.* by These are subjects: which a also have their engineering 


Sagua”’), in Revista de la Sociedad Cubana de Ingenieros, Seccién de Obras Pdblicas, Vol. XI, 
(1919), September, October, November, and December. An article by the writer, with 7 Lan 
= explanations and comments on the same, entitled “El Estudio de las Mareas y los Vientos en 
relacién con las Obras de Puertos” (“The Study of Tides and Winds in Connection with 
Harbor Work’’) was published in Revista de la Cubana de Ingenieros, Val. XVII by 


(1925), March-April. 
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is not responr title for any statement made or opinion expressed 


REARRANGEMENT OFA BUI DISTRICT: 


Francis J. “Assoc. M. AM. Soc. C. E. 


J. “Assoc. M. Am. Soo. OE (by letter).t— —The paper 


by Mr. Schein is an important and direct contribution to the literature of zi 


city planning accomplishment. Because there are so few histories and prog- 
“reports of this art, the recorded experience at Pittsburgh, Pa., may 


iggest and additional rest response from ‘ ‘about five hundred cities and 
towns”§ in the United States engaged in city planning. ‘The whole ‘move-— 

ment needs such accounts of accomplishment. The theory i is fairly well estab- 
ished, but, in addition to knowing “how to 0 do”, “doing it” is important; so _ 
that practical demonstration lends impetus ‘and acceleration to wise planning. 

_ Demonstration, too, will prove and ‘Serve to answer the question, “City plan- 
is of what use ‘The experience recorded by the author concerning the pe: 
basic problem of transportation and circulation dependent on: (a) the street 
Plan” of the Pittsburgh Business District; (b) the engineering data of costs 

and materials; and (ec) the overcoming of physical obstacles by demonstration _ 

of engineering skill, all suggest some. considerations: or comments. Those 
follow are not critical, but are offered for the purpose of emphasis and expan-_ 
sion. The paper ‘suggests relevant considerations: First, city planning pro- 


q selene and accomplishment i in Pittsburgh ; and, ‘second, the business istrict 


of ‘Pittsburgh in the future. ot bases. bite 


ad’ City Planning Procedure and Accomplishment. —In general, the procedure 
~ followed and the accomplishment acquired are good. There are perhaps a 

Ger Discussion on the paper by Nathan Schein, M. Am. Soc. C. /B. teats d from October, 
1927, Proceedings. 


_ + Formerly Planner and Asst. -Chf. Engr., Dept. of City Plannin of Pittsburgh ; 
Landscape Archt,; Town and City Planner, Germantown, Pa. nia to molt 
Received by the Secretary, October 10. i963, °° 
_ §“Annual Survey of City and Regional Planning in the United States, 1926," by _ 
Kimball Annual Survey Oty (quarterly), "April, 1927. 
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a MULVIHILL 


ie the United | States progress is 


g made, both in studies and actual accomplishment. Mistakes 

2 and inadequate planning cause great financial loss, entailing | millions; but the 

annual budget: of approximately’ $100 000 for the Department ‘of City Plan- 


ning of Pittsburgh is ungrudgingly provided by. an appropriation ordinance 
- of the City” Council . No other "city grants as much. In a sense it is just an 
insurance premivm to prevent. great OSB.) What i is done now public works 


8, 


a is] better sr done than it was a few years ago, and the’ budget amount is likely t to 
increase. An historic background is a requisite for determining ‘the rate of 
- Deogreen, Pittsburgh, like other cities, grew haphazardly and by chance from 
an aggregate of accidents in a series. Problems | developed, conse- 


quently, and when they became ser ious, it was expedient ‘to sd them! Prior 


to 1904 ‘there was no comprehensive planning in Pittsburgh. Ma. Olmited’s 
report entitled ‘ ‘Pittsburgh; Main Thoroughfares and Down- Town District”, 
a 1910, was among the first t on city pomnier as it is understood to- o-day. | It 
was only the year before, in Washington, D. C., that a meeting, the forerunner 


the existing National Conference City Planning, w was | held. com- 
prehensive | Olmsted report stressed the importance of. ‘proper. and adequate | 
‘planning. In 1911, the Pennsylvania Legislature passed the 
created. The street improvements | incorporated, i in 
general Olmsted ‘recommendations and the Department of. City Planning 
established “follow- “up”. General studies: were made by City De- 


‘and ‘Second ‘were widened, the Boulevard of the. Allies 


was constructed. The of Public Works has inuch 1 to with 


‘The supporting interest of the Citizens Committee on aig Plan is ‘| 


80 ‘much value to the entire. movement in Pittsburgh, that to treat its work 
‘and labors adequately would | require the space devoted to the paper and more. 


_ Its report lement of city 
te tei 


Since the paper was 


tectural type new to Pittsburgh are being constructed projected. 


‘The Business District of Pittsburgh in the Future.—The distress Ibe cities 


ante 


may be caused by ‘difficulty in: Fi irst, ‘making : its life fit the mould of ‘yester- 

Be, en and, second, trying to visualize to-morrow in the light of to- -day’s s condi- 

" ; tions. It is dangerous to attempt prophecy > without the gift of vision. ‘The 
‘Enabling Act of 1911, already mentioned, does not elaborate’ the functions of 

Department of City Planning as does the recent Pennsylvania Act (1927). 
Until the present thera: was no, authority. at law that the 
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Papers. 1 MULVIHILL ON PITTSBURGH BUSINESS DISTRICT 


poten of City Planning i is, therefore, at work on the master thoroughfare 


and general desi plans 
The author has mentioned changes that were accomplished a few years” ago, . 
possibly there will be changes in the future. About the beginning, of 


= ‘the Allegheny County projects: of the Liberty Tunnels and Liberty 


will be open ‘to traffic. These a part t of the Inter- District Traffic 


Circuit. ‘The Department of City, Planning has completed th the preliminary 
study of another link in the ‘Circuit, the Crosstown Thoroughfare. a 


‘This study has" Just been approved by the City ‘Planning| Commission. The =| 
% widening of Grant Street has permitted a re- routing of of trolley cars in a loop . a 


system. ‘Every day, judging from congestion, the down-town streets look like 


Saturday afternoon, and the time is ¢ coming when they will look like the week 
before Christmas. Two -way streets will become one- way streets. Merchants 


are. overcoming loss and the notion that 2 pass 
their do doors. Unlimited parking of automobiles has been replaced with 
parking or with none at all. all. 

ake Streets cannot continue to be widened because of the cost. “The > people are are 


realizing that the area in down-town streets is ample, but the best use of “an 


pl is not practiced at present. The cost of delays to the owners of trucks, buses, — 
taxicabs and automobiles, conservatively estimated, now is $25 000 daily. 
sail, These owners will avoid the delays and effect the sa saving. A railroad will 
letai abandon or salvage its equipment along ‘Duquesne Way and in “the Point”; 
nning 


sell its land in these locations ; acquire the site te and provide, better modern | 


g De- facilities | elsewhere, rithout loss, from the of the 0 old 
Ferry 


Allies 

improved. n traffic circuit will be c operating, gyratory, 0 e-way, 
eering | along Duquesne Way, Water, Grant, and Eleventh Streets. . Within - the cir 7 
ms cuit there will be no vehicles, unless in an emergency, during the day. Trolleys 7 ey 
1 is of | will be e in a subway yay loop and off the street s surface. " Buses and cruising taxi- 

3 work cabs” will have stations and terminals off the streets. Streets for « deliveries, 


collection, and merchandising services will t then be used at night. Vehicles 
will be absent from the streets down town, n not because they cannot get fhe 4 
are prohibited, but because of the econ economic to the owners if they 


it. The streets will | again be to the when | every day is 


f cities 


yester- 


(1927). 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


wily EN STITUTED 1852 
| PAPERS AND DISCUSSIONS 


= This” Society ‘is for statement ‘made or “opinion e: expressed 
‘THE LAKE Ww "ASHINGTON WAS SHINGTON 

‘fuse M. Cuapp,t M. Am. Soc. ©. E. (by letter).t—The writer had the 
Lake Washington Ship Canal as his home work, under the direction 
fie. District | Engineers, for the ten years from 1901 to 1911; ; gathered much of a 
kh _ the physical data ‘used in. solving the problems in relation to the project; is 
" familiar 1 with the locality and its geological characteristics; and takes pleasure © 
in adding a few details relating to this great project. 
Something has been said of the late Colonel ‘Cavanaugh’s 8 connection with 
bh & this project and the manner in which he directed it. tis only fair that 
mt * greater stress should be laid to the fact. that much pertaining to the details 

of design and the actual work of ‘construction was done by Mr. ‘Sargent, the 
He a - efficient Engineer Assistant. It was his untiring efforts that made pos- 
Her | sible the economical design of the system and of the plant and its operation — 

in during construction ; all of which resulted in the very low cost of the locks 

has been stated§ that the lowering of Lake Washington. and the outflow 


| of the Cedar River, via Ballard and the locks, has lessened the flood prob- au 

lems in the Duwamish Valley. While this is so, it is ‘not as great a factor 

as the divorcement of the waters of the White River from the Valley of the © 
_ Duwamish to its new channel via the Puyallup Valley t to the Sound. The” 

run: run-off from the White River shed during flood seasons is several times ‘greater 


On than that from Lake ‘Washington and its tributaries, 
A hard clay formation is the bed-r -rock of ‘the country and, once it is well 
defined, is considered sufficient to support the structures ‘Got, are built in ia 


Section. To use piles under the walls where this” clay f formation is is met, if 


a - § Proceedings, Am. Soc. C. E., August, 1927, Papers and Discussions, p. 1231. oy 


=> 
3 
ps 
| 
3 
— 


CLAPP ON LAKE WASHINGTON SHIP CANAL 


its bearing value heavier tons or concrete 
‘piles would have to be used if. greater weights were to be supported. aon 
: In the early days of this work it was the writer’s duty to ean din: exca- 
vation of a ditch so as to bring the outlet of Lake Union through a chaanel 
located wholly on the canal right of: way and under the control of ‘the War 
Department. Northern Pacific Railway crossed the right of way at 
point 1 north and west of Fremont, Wash. The Railway Company constructed 
its trestle crossing in ‘the dry and before excavation in its vicinity we was begun. 
* On working the excavation under the trestle many of the piles were were exposed, ; 
“ and it was found that they had telescoped and were of no ‘real value. The 
crossing had to be rebuilt, and sills and posts were substituted for the piles. 
At the portage separating Lake Union from Lake Washington, where the 
_ narrow channel was provided for the passage of logs in 1888, it might be > 
-,. mentioned that at first a lock 1 was ' actually y provided, 50 ft. long, 18 ft. wide, 
7 and 4 ft. deep, for the p passage . of small steamers. Several lockages of steamers — 
_ were made, but there was no profitable b business. 7 Eventually, the locks were” 


allowed to decay and a1 raceway for the passage of logs ‘was ‘constructed and 


In determining the location for the canal, the 
‘Bay were canvassed and the present route determined by a Board of Engi- 
“neers, all - prior to 1896, when the writer first became familiar with the project 
and the District Office was established at Seattle. Later, about 1906, another 
route iced canvassed to enter Lake Washington by way of the: Duwamish — 
‘Valley, with a canal to be dug through Beacon’ ‘Hill and the territory. inter- 


-vening between the Duwamish ‘Valley and Lake ‘Washington, about on line 


ae The plan contemplated the excavation of a canal between Lake Washing- 


ve 


ton and Lake Union and either the raising of the waters of Lake Union | to 
; lowering Lake Washington ‘to the: level of 


Union; ‘or lowering one and raising ‘the other to ¢ some intermediate 


point. This was advocated by a company interested in the. 


the writer’s duty to make comparative estimates for the information 


of the Board of Engineers that judged this work. | After careful consideration | 
_ the Board discarded this route, for obvious reasons, in favor of ‘the. present 
very” logical route, which had been previously determined by other 


_ Some consideration was also given to a possible canal by way of the Black | ke 
River and the Duwamish R River to Puget. Sound. Thus, it will be noted that 


careful consideration was given ‘the matter of routing this. canal. rigooN 


and the moving of a great nai cubic it It 


oe the weight is less than 5 tons per sq. ft., is superfluous and may result in poor [ 
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AMERICAN ‘SOCIETY OF ‘CIVIL ENGINEERS 


PAPERS” AND DISCUSSIONS 


This is not responsible ‘tor any ‘statement. made or opinion expressed 


in it ations. 


fake 
7 


Cartes W. Eutor, 2p + Eso. —In Washington, D. the ‘National Capital 


Park and Planning Commission is following the program laid down. 

| _ by Mr. Lewis i in his ‘most interesting paper; but there are two exceptions. ae 
iy the first place, he suggests that the first step in regional planning work | k 
should be the definition of a boundary. The Commission has cearefully 

~ avoided setting any limits, ind’ is going to avoid it as long as possible because 

it feels that the extent: of the influence of the Capital City is a very inde- 

terminate factor and something that will bear a great deal of study before 


the second place, it has departed from the suggestions im regard ¢ 

“open: spaces”. — In ‘Washington, a a different set of indications are used from 


those suggested by Mr. Lewis. idea has been to indicate areas withdraw 
from urban . occupation. That includes both private and public areas in ver 
much the same way iy that Mr. ‘Walker has outlined »§ but it is, perhaps, a litt le 
accurate definition of “open “spaces” than just those two. words. 
‘The: City “of “Washington was very fortunate in the equipment that 
available at the start for planning work. ‘The U. 8. Geological Survey, t the 
ja U.S. Coast and Geodetic Survey, and the Air Service have made a great many | 
studies and many “maps of the Washington ‘region. | _ The basic maps, drawn 
to a seale of 4 mile to the inch are found to be entirely satisfactory. For more 
detailed studies, there are remarkably | accurate maps of the Distsiet: of Colum- 


1 


EB bia at 400-ft. seale and general street maps at 1600-ft. and & 000-ft. scales. 


Discussion the paver by Harold M. Lewis, M. Am. ‘Soe. C. E., 


‘continued trom 
fae 


City National Capital Park and Planning Comm., Washington, Dd. 


t Proceedings, Am. Soc. ©. E., September, 1927, Papers and Discussions; p. 1506. . 


cit., , November, 1927, Papers and P. 2880. 
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| 2782 ELIOT ON BASIC IN FORMATION FOR REGIONAL PL 
he In most regional planning work | the , studies are entirely separate from the 


planning studies; but, in n Washington, that is impossible, because the 
N ational Capital Park and Planning Commission has particular eanvative 
funetions i in the District of Columbia. It has the power and 3 money to 
chase land for park <s and it has the “guardianship | of the “Highway Plan”, 
which controls the platting of sub- divisions. Congress: has seen fit to give it 
power or to make regional studies, but it is forced constantly to. meet immediate 
problems o of design and planning within the District of Columbia. ¥ Although 
_— the attempt is made te to keep the regional planning studies ina f fluid state 
— hile data are being collected, the Commission is constantly, having to make 
- decisions i in the District of Columbia that affect the regional plan. That is 
another reason why it is trying to keep the boundaries of its region chile 
3 indefinite because there is no knowing how far immediate decisions are going — 
to influence the regional plan. _ Admitted that this method of going at the 
_ work is unfortunate—to to be by immediate decisions—that 
€ __ Regional planners in Welbiaens: are grateful ie the work that has been 
cond in New York and particularly for Mr. Lewis’ helpful suggestions ; ; and | 
hope, if they y can § get the co- -operation of engineers, landscape > architects, s and all 
= interested in city planning, to be able to produce a plan, for the 
National Capital and the region around Washington, that will be a serviceable 


guide for the growth of that community and an inspiration for the remainder 
a Arruur,* Esq. _—Among the various outstanding problems confront- 
ing the great centers of population waahalily none is of greater moment than 


the development t of a comprehensive plan. ‘Regional plennings: being” still in 


finer is afforded for the planning of the large area 

region or district than that of city areas. 
ad any attempt had been made at scientific city planning, the ‘within 


make impracticable any radical change in the system of major 


open and susceptible of being properly planned t to care for ‘the various 18 facto 


land, facts of area before E= 
effort is made to a regional plan. 194 but 4 
three fundamental factors that. a community of any size to deal 
with are: (a). The land it occupies; (b) the People that dwell in the land; 


the so social and industrial dev elopment. The other factors ‘influencing the 


Chf. Engr., Pittsburgh Planning Comm., Pittsburgh, Pa. 
Proceedings, Am. Soc. C. E., September, 1927, and Discussions, 1507 


fares, parks, playgrounds, etc., , while, for regional \ work, large areas are 
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tudy and of the plan First, , general information; second, 

provision for making changes easily; and, thir d, means for accomplishing the : 


‘The willingness with which planners often accept general i infveunaition as 


for planning purposes has. been a principal source of criticism. 
«Often: the weak points in a finally submitted plan ‘are exposed t to the attack — ’ 
of critics who claim that all planners are dreamers and that - money expended . 


on ‘the study and development of a city or ‘Tegional plan ‘is wasted. 


of the planning esiualiinds the more generalized is the arheonrannenen 


Such information, spread: too thin, means vague information, | which is fre- 


: quently deceptive and leads to the development of of plans that are impractical 
and expensive and often cast doubt on the honest nest intent and purpose of the ; 


ibt on the t and pu 


ae isa truism that, in most cases, , the sites of cities and present centers 


of. ‘population were not selected because the physical ‘surroundings 


adaptable to easy, development, but because of the e existence of important er Oss- 
ee or because of the transportation facilities °s afforded by navigable rivers ; 


_* because of natural harbor and port facilities. Such s situations often ew 


immediate surrounding topography the most rugged nature, It ‘seems, 


‘therefore, that, in the first analysis, basic information is the. securing of 


physical facts relating to the land—geodetic, geologic, and topographic. — it is 
true” that at the initial | conception of. “most planning undertakings, ample 


funds have n not been available for securing the | engineering data so essential 
to the proper and economic completion of the work. However, if those data 


were ‘properly evaluated and their importance recognized, in most cases, pro- : 
vision would be made for assembling them as a part of the planning program so 


and as the logical first step toward real planning p progress, first funda- 
mental consideration that any community has" to deal with is the land it 


It i is not only the first, , but it. is perpetual. Bridges viaducts 

‘ may | be built across rivers and valleys; hills may be tunneled ; extensive egrading 
"operations may be. carried o out; - but regardless of the magnitude ¢ of these engi- L 


neering feats, the terrain is altered only to an insignificant degree. 7 Whatever | 
be the location of the site, that ‘it remains. The social, economic, , and indus- 


trial development of the location and the chances ‘for ‘the existence and happi- 


_ Ress of the population depend exclusively on the logical and ‘scientific develop- , 


oe _ The basic physical, or land, facts are, and always will be, unavoidable. “4 
i ‘they are ignored during the planning stage of any undertaking, they will 


encountered during the construction stage. ite Disregarding these facts 
‘results in experimental building, and the structure (street, bridge, viaduct, 
tunnel, public building, sewer, ete.) that does not satisfactorily ‘meet the 
conditions inevitably replaced by one that does. Frequently, 


the cost of relieving one situation that has become insupportable i is ‘more than as 


sufficient to have paid for securing b basic tor the whole region. {ow 
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a pen, believes no better case can be 


many of latter having legislative functions similar to those 
a - the boroughs. The City of Pittsburgh is approximately at the geographical 
center, and being the > largest and oldest of the municipal corporations, 
dominates the re regions, many y of the boroughs being ‘simply dormitories for the 
Fig. The need for | a regional has felt for many 
»  @ 
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tyice the area the corporation lines. ‘The ‘survey, 


under Allegheny County appreciating the fact that 
the need of basic planning was to ‘City Pittsburgh, 
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but was in carry] ing out the extensive construction program 
of the County, rrepirtharatien contract with the City to extend the | survey vy 
‘This survey is of a character and embraces the essen- 


needed for a a regional plan. The general schedule adopted 


—Precise triangulation extended over the area. The sta-— 
tions of this triangulation average. about 1 per square mile in incorporated 
or built- t-up about 1 for 2 sq. - miles the 


tw —Precise traverse amplifying and making usable the results of the tri- 


The stations of the traverse are being well. “monumented” 


7 referenced. | They coincide, a as far as practicable, with existing proper ty monu- 


ments. The traverse will have an PY, represented by a a limiting closing ; 
error of 1 in 20 000. 


‘a 3 —Precise levels with bench-marks established on permanent structures 


along the routes and on traverse and triangulation monuments. fi Be’ 


4-—Topographie sheets of the city area on a scale of 1 in. 200 ft. 


. BA property 1 map of the city area on a scale of 1 in. ‘equals 50 ft. This” 
is to be the base map for all departmental information where dimensions — 


«6 6.—A wall or desk map on a scale of 1 in. equals 1000 ft., t., compiled from — 


data shown on the large- scale topographic 1 tes mf. 


Topographic Survey.— —Description.—The ‘topographic map, which is 
ies of the Pittsburgh ‘Area, - is a definite and valuable result of the survey. 
é On it are shown to exact scale and position all streets, roadways, curbs, retain 
ing walls, steam and electric railroads and bridges; public, semi-publie, and 4 
industrially important buildings; as well as streams, lakes, etc. The conforma- 
tion and elevation of the surface of the ground are shown by contour lines. — 


From the topographic r map grades ‘may be accurately computed, drainage areas wl 
may be scaled within a fraction of an acre, and excavation quantities — com- — ¢ 


| 


= 


— 


puted. The Pittsburgh map sheets are published | on a scale. of 1 in. ‘equals a 


200 ft., with a 2.5 and a 5- contour interval. ‘The datum plane for contour 


a elevations is “mean | sea level, thus placing the maps on the ultimate datum - 


& 


= 


and agreeing with Federal, State, and other maps. 
|. The publication scale of. 1 in. equals 200 ft. was adopted « as teat fitting the — 
City _ 1—The map scale must be large enough to indicate « clearly and accurately — 


all the information desired. nate ba of 
2—The scale should bear a definite relation to the: accuracy of field 


"measurements, and, since the e majority of the positions : are located by stadia, 


stadia are dependable within. 1 ‘ft, the scale should | be such 


oehe distances may be plotted and scaled to the nearest foot.  Chbae 


—The scale of t the map ‘must emiall enough so that the area covered 
any one map sheet ordinary district improve- 
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_ (Papers. 
ment and studied upon it, without the necessity 


assembling and matching the various adjoining sheets. bin 


4 4.—From an economic standpoint it is desirable to keep ‘the seale as small 
as possible, -i in order to decrease the cost of the field work and of ‘reproduction. = 


are sketched in the field, is 165 
of scale by the reduction, which is a part of the photographic 
"process of f publication, 2 and the sharpening 0 of lettering and other ¢ cartographic 


“details: and consequent improvement in appearance of the final ‘published 


copies. It is of further advantage to make the field wee as large as is con- 
sistent: with stadia methods for the purpose of making enlargements. Ni For 
instance, it is possible to make a better photographic enlargement to a scale of 


de ft. by using an original copy on a scale of 165 ft., than v would be the case — 


Map Projection. —In deciding on the s: em of. to be used on on the 
; sheets, there were three conditions to be considered : 


1—The projection | must be ‘such that the will always 1 be 


ries ntation; that is, the boundaries of each sheet should always be true north 


d south, east and west, in. order that the true azimuth or ‘bearings = = 
ine may be quic y sca e of 


2.—The p projection should permit ¢ of indefinite expansion. 
4 


—In. order to be joined correctly and easily to other maps, such as those 
published by the Federal Government, State, Interstate ‘Commer erce ‘Commis- 7 


sion, etc., the boundaries of each: map sheet should be some even value 
latitude and longitude, these values being co-ordinates based on the ‘North 


he 4—For ease and simplicity of ordinary distance, bearing, and position — 


| 


computations, 


‘Cadastral information i is s shown in contours in brown, drainage 


in blue, and publie property in green. The reproductions are to exact seale 
within the limits of paper e expansion, and registration is correct at all points, 
allowable registration error being 0.01 in. Two hundred copies on light-- 

w eight paper t of t these four color reproductions are printed on the initial order. 


In addition, ten copies are printed on “lenora” cloth” for use in binding in 
atlas form. It i is also expected that several co copies will be secured showing the 


Estimates.— —The estimated ‘unit costs: for the completed survey as 
City ‘area. es .$350 per sq. mile, monuments and com- 
County .$300 per sq. mile, including monuments and 
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County a area.......$60 per lin. mile, including the setting of 


-$100 “per lin. mile, including monuments and com 


County area. ... «$90 per lin. mile, monuments and com- 


CHARLES ‘WELLForD Leavitr,* M. Am. Soc. E. (by letter). 
not familiar with the difficulties that have the gigantic undertaking» 
-of “planning New York and its environs ” will find it almost impossible to a 7 
this project with any inything in regional planning taken up elsewhere, 
as there is no gauge that can be used to compare New York with any other | ) 


city. Mr. Lewis has endeavored to stress this point with which he is perfectly 


familiar, but it cannot be “emphasized ‘too much for the reader. The ‘paper 
very, properly endeavors’ to give a clear idea of what basic information is to 


oll The question ar arises as. to what difference there is between a regional 


on and the ordinary development of a city’s growth under a mayor, common. 
council, boards of water, sewer, health, streets, parks, buildings, ete., 
by a city engineer, with his various departmental assistants who, “until very 


recently, have directed the growth of the cities of the world. 


| E@ds possible to infer from Mr. Lewis’ paper that, the “basic information” 
having been secured, there is contemplated ‘ ‘research work” "upon the various 
items under which this basic information has been classified and which in 


nv the past might properly have been studied by the city engineer. The fact <a 
that while some information has been gathered by various city departments, — 
. as to sizes of water and sewer pipes, ‘sanitary measures, street widths, park _— 
building heights and strength, and ‘fire-proofing ; yet information 4 
to whether it will be better to carry water in large ‘mains 
a) different satellite communities and there distribute, or to add to them from 
time to time, and some day be confronted with the necessity of scrapping the a 
whole system and starting off afresh, which i is an 1 expensive method. In these 
old” records, there was not a a sufficient knowledge future drainage and 
sewerage necessities make it possible to plan the whole region with con-— 
fidence , and to build 1 what was immediately required, w ith assurance that, — 
in the future, the work done would all come together and make a . permanent — 
_ Each community acted independently ; each section of the metropolitan 
center solved its individual problems; with the result that most all the work one 


= will prove inadequate fe for the future and a whole new system must be 


* Civ. and Landscape Engr. (Charles Wellford Leavitt & New York, N. Y. 
Received by the Secretary, October 25, 1927. 
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ON ON INFORMATION FOR REGION. AL. 
built at great cost; so on on the parks: and building departments, 


the | streets and sadidnnes: the docks, transit: ‘Hines, a areas set aside for manu- 


facturing industries, business, and residences, ete. 


Europe, ‘and in America’s ‘older cities, troubles were not 
BP 


apparent, because the growths were slower and frequently pipes were worn 
es: before: they had to be enlarged ; but park areas did not grow of themselves i 


nor did streets become wider; : and as early as 1910 the people became aware 


of the facts, and their interest became fixed upon: research to determine how, 
in the they might oid waste and provide fo for the comfort of 


engineers are usually overworked with many details’ of daily 
"portance and have not time are not given the facilities to delve 
eb . into the future or to determine what may take place in 50 to 100 years. 
Here, then, i is where the city | and ‘regional plan will show an economic return — 
to a county r region, or a city, by ‘securing the necessary power to plan ahead — 
make it possible tou use the land for 1 the purpose to which it is best suited. 
- This will take time. The first step is to collect the basic information, ' 
a which can only properly ea done by some one with experience and knowledge 
of what i is needed. _ ‘The s second step is to interest the various official. bodies 
within the region to be planned; third, to bring these official bodies 
: a point: where they w vill work together for the common good; and fourth, — 
form | an organization ‘that will endure. indefinitely either to carry out the 


or to. them meet new conditions that in the 


in is what is not ‘this basic information may 
gathered, classified, and 1 used tc to advantage. _ Most undoubtedly it will be well — 


_ worth while for any community with a rapid growth, or which may anticip e 


such a 2 growth i in the future to have available this basic information. On the 


- understand ‘the plans and pt them 1 up 1p and ‘put | them out t of the > way. 

1 The g great danger i in collecting basic information for a regional plan i is in 

getting too much and not being it into a clear workable plan 
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By Onartes W ELLFORD Leavirn, M. Am. Soo. 

of W ELLFORD M. Soo. C. “(by letter). —Through-. 
out. this paper one senses the fact that the. author has built 1 up his forecast a 


> ‘ae upon the work done on the “Plan of New York and Its Environs”. 
- Therefore, i in n reading it, one should realize that there i is little, if any, com 
, ee ew York and any ny other citys that the forces acting in the 1 


politan areas; ; and the ‘regional communities the: futese. will be ‘unlike 


Regulation of city growth” is not “possible. ‘The forces. making 
for city growth are human, and while they are ‘amenable to certain. lnwa and os 
i- - regulations by the police for the general health and welfare of the community, A i 


they are not always willing to follow, for instance, the directions laid down 


OF THE 


w 


3 bya regional plan. The success w hich ‘the city, builders are after may depend 


on their originality, backed by their er energy; and those ‘drawing | up a a 
plan should make it sufficiently flexible to take care of these city builders and 


not block them in their ventures, except when their acts" might the 


lives, health, and general welfare of the country. 
For: instance, if :a plan of New York had been prepared some years ago 
it would undoubtedly have provided for large manufacturing plants, whereas, 


in the. past twenty years, the author states that plants have ‘been growing — 

f people’s- homes into the so- -called 


“blighted where is now only 1% density of population, 
‘ 
on the. “paper by ‘Thomas Adams, Esq., continued from November, 1927, 


Civ. and Landscape Engr. ‘(Charles Wellford & Son), New York, 
at 
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to the congestion. of other ‘may be a 


very laudable, though — difficult task. Forces other than general direction or 
— must be called u upon, | and here is one of the ; great problems of the — 


_ city planner, to study t the psychology of the builders and provide what may — 


be necessary to attract them into the blighted districts. 
The quotation from Hilaire Belloc* is ‘pertinent, and should be. taken 
; he eart. x, _ It should be possible, with all the enlightenment of past ages and pres- | 


ent rapid growths, to develop plans that would stabilize 2 city realty values and 
avoid what recently become so prevalent, namely, the moving» of com- 


merce; manufacturing, business, shopping, and r residential districts rapidly 
from one section of the city to another that good buildings have not time to. 


_ wear out, but mm must be ‘sacrificed to the movement of one district into the 5 
fashions calling for another; and quite frequently the abandonment of the 


“puilding suitable for 0 one purpose, to the wretchedness of an area which has ri 


The cities of the old world are far more ‘stable i in deninien than American © 
towns, built and occupied by a cosmopolitan race whose se great objective i is to 


= speed up and arrive somewhere ‘ “where they aint”, with a. pot of gold i in hand. 
Such motives do not encourage stable real estate investments, which 


_ come about from a population more satisfied and slower to move; although — 


on the other hand, without m movement, there results” stagnation which may be 


even worse than constant movement. The ideal would be one of reasonable ~ 


activity: with a general tendency toward better conditions in both residences 


- 


xy towns cuiiiabey not apply to some of the inland me metropolitan regions, 


— Can any other section of ‘the world compare with ‘the Park Avenue Dis- 
+ trict in New York? ‘4 How wever, we do find in such cities as Atlanta and Kan- 


sas problems of growth just as puzzling” ; what has helped in studies 


Again, in the quotation from Mr. Richard M. ‘Hurd in 1 regard to 
turns on low versus high building,t is found an argument most upsetting to 
smaller towns where ab big price will be paid for the the sky- and it is 
impossible | to convince any one that a sky-s« -seraper is harmful to 
town; for, while the v writer feels with Mr. Adams and Mr. Hurd, that the _ 


‘building of tall structures is apt to hurt, yet in many instances towns have 

_ remained asleep ‘until the tall building « came to wake them into activity; but 
did not become epidemic as in New York, Chicago, and Detroit. A hard 
and fast rule may not work for the smaller metropolitan regions. oP a 


pi Anything that r we tend to re. -establish a a demand for land id in these blighted 


pis 


= but ‘the entire regicn. These blighted districts are | usually 
with sewers, water, electricity, and, ‘frequently, paved streets, in 
which the city has” a large investment without any chance to recapture 


r= 


* Proceedings, Am. Soc. C. E., September, 1927, snes and Discussions, p. 1537, | 
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LEAVITT ON THE REGIONAL COM MU NITY | OF THE FUTURE 


— by activity and building. - Otherwise, this city money lies without return | 
in adequate taxes, just as a aie divider, who has equipped his land with all 
street improvements, is up interest if he not s cell his lots” 


Leaving vehicular traffic on the and putting transporta-_ 
eo ‘tion beneath and pedestrians above, m may help a little for a time, but will not 


the section, so treated, soon again be overcrowded with form for relief 


and thus ‘in the end “confusion worse confounded” r reign mf Has all this not _ 


proved that the best: way to produce reasonable livi ing conditions, as well as 


areas in which to > work, is by ‘decentralization with ‘careful thought g given to 


Into @l the rural communities, along t the main arteries ¢ of f travel, is now | 

- pushed a ribbon-like development, making the roads between large cities such” 
as New York, Boston, and Philadelphia, almost a continuous row of. citified | 
“houses, and one wonders if the ‘predictions — of the author of “Road Town” ae 
published about 20; years ago, is “not to be » realized. ngland, this ribbor 

development is giving the lovers of rural attractions considerable concer 


because such rural drives as were enjoyed an the past, have ceased to. exist 


many cases and one drives from city to city through an apparent city. ve 
Will the regional plan of the future correct these blighted districts, con- 
gested areas, and sky-scrapers, and relieve the owners of single- said houses | 
from looking directly into the window of their neighbors "7 Will some of the © 
— outside the city remain rural ? _ These ar are points over which the intel- 
 Tigent citizen must pause, and if such regional plans as have been | drawn give e- 


promise of relief, then the citizens of seaboard, lake, gulf, and coast towns as 
_ well as cities inland, will demand that they too be included in the compre-| 


hensive plan for the future, 
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THE DEVELOPMENT OF SANITARY ENGINEERING 
THE 


DURING THE PAST ONE HUNDRED AND FIFTY YEARS 


A SYMPOSIUM 


| 


James W. Armsrrone, J Euums, Cates Mus Savitz, W. 
_Kierstep, M. M. O’SHavucuyessy, Jonny H. Grecory, Kart Imuorr, 


KENNETH ALLEN, L. L. ‘Trisus, Artuur E. Morcan, M. § Suaw, 
4 W. B. H. F. Gray, THORNTON AND R. Lewis. 


points have recently come under the speaker's s 
“might be some interest in connection with pipe coating. He recently had 
occasion to inspect the inside of a 7- ft. steel water main ‘that had been 


service ‘about eleven years. iti is laid u inder 25th Street in Baltimore, Md., 

“and i is protected on the outside by a conerete casing and on the Pores by a 


walk of about 4 mile end return through this line it t to 
tirely free from tuberculation. only ‘defects discovered, were around the 


rivet heads i in the bottom | of - 


ing through the pipe line, had knocked the protective coating from some of the 


the 
rivets and corrosion had set in at such places. = | 


$$ 
*This discussion (of the Symposium on Historic Review of the Development of Sanitary q ‘a 
Engineering in the United States During the Past One Hundred and Fifty Years, presented © 
i: the meeting of the Sanitary Engineering Division at Philadelphia, Pa., on October 6, 1926, 4 
_ § 4nd published in September, 1927, Proceedings), is printed in Proceedings in order that the 
Views expressed may be brought before all members for further 
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| ARMSTRONG ON DEVELOPMENT OFS 


me... bituminous enamels are properly put on they make a an excellent — 


| proof coating for both steel and ‘concrete, ‘but as they have to be put | on hot, | 
it is necessary to have the surface to which they are applied cl clean and per- 
fectly dry. Failure of bitumastic coatings can generally be traced to 

the part of workmen to comply with these precautions. 

- % piece | of casting taken f from a broken n water m main in New Orleans, La., 

revealed the fact that the interior was nearly free from corrosion and 

a a thin smooth coating of lime had been deposited, which formed a natural and 
effective protection. _ This would indicate that cities using lime for vielen 


little to fear from ‘tuberculation of cast ‘iron Pipe. = 


las to the filtered water to maintain a pH ates of ‘about 8.2 rie all water 


_ entering the city mains. _ The al alkalinity is thus maintained ata point suffi- 
ciently, high to reduce its corrosive qualities v very ‘greatly. Cities annoyed 


with the corrosion of pipes might | avoid much of their trouble by raising the >: 
alkalinity of the water delivered to the city mains, 
In tracing the history of the water-works ‘pump, Mr. Fuller has shown | larg 
“that the electrically operated centrifugal pump has, after a long” struggle, tain 
come into its own. There are three great advantages in pumps of this, kind: sho 
(4) low first. cost; | (2) v very little r repair r work; and (3) an an absolute n minimum 7 zont 


of labor f for operation. At Montebello, the low-lift pumping st: station contains 


electrically driven centrifugal pumps, having an aggregate capacity ry of tl 

about 250 000 000 gal. . per ‘day. than eleven years, practically all 

Baltimore’ s water supply has passed through this pumping station, ; and » there ~ fessi 

is no other power available, should the electricity fail. For several years, reco: 

after first: station in _service, power was supplied 0 over a. single 

_reservoi r ran cable” was | afterward installed, and | since then to th 

there have been only momentary interruptions: in the power supply. | re 

the entire t time this station has been in operation, ‘only one man has been em- 

“ployed on n each shift of eight hours, except for repair work. for t 

cost of pumping water, ‘neglecting fixed charges and overhead, from 
igh to 1919, against an average head of about 40 ft., was $1. 62 per 3 1 000 0.000 | alwa 

gal. During the entire life. of the plant, more than eleven years, mi art ¢ 
averaged about $2.10 per 1000 000 gal. for pumping against heads ranging funds 

from 30 to 43 ft. ‘The high price of coal during the World War was the prin- of ay 

cipa cause of the increase to al cost. 

The plant at Little ‘Falls, N. J, ‘should ‘be ‘considered the prototype of all he fi 

‘modern filter plants, as was the first to be entirely constructed of rein-— what, 

forced -conerete. use of reinforced concrete for such 
rapidly. The great variety of forms and shapes into which could be “Neerin 


moulded, led many engineers to believe that its use was the solution of —a 


of their structural problems and has made them a bit slow about ‘recognizing — 
; ie limitations. Lately, many have learned that concrete, passing as ‘excellent 


when fully protected from the elements, may fail utterly when —— to. 


the weather for a few years. 


(R744 [Papers. 
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compounds the concrete of its leaves it an easy prey to ‘the 
action of frost and the elements. To secure imperviousness | for all water- — 


bearing or "exposed concrete is of the utmost importance. 
a: field operations ; could be carried on with the precision o of laboratory a 
work, it might be possible to secure satisfactory concrete, but the difficulty _ 
of the human nan factor may futile the most painstaking and 
Unless s some me 
of the come to more on some outer coating to. 
In the iin distribution system valves are not operated often, and an 
-_ old Superintendent might, after years of service, not have had experience © 
Bi enough t to judge rightly the merits of a particular valve. With the advent of 
large 1 mechanical filter xr plants 1 where valves are e opened and closed « every day, cer 
tain weaknesses have developed that had not been realized. Special efforts : 


should t be made to improve th the e details of of valves 2s designed to operate in a — , 


J. W. Euas,* M. Am. Soc. C. E. (by letter) +—The survey by Mr. 


of ‘the progress made i in the past half century in the water-works field, is both | 
interesting and instructive. — To the older members of the Society, whose ‘Pro- ~ 
fessional activities have run parallel with the development of the art,» this 
record: may seem commonplace. However, does it not “naturally raise ‘the: 
‘question of how ‘such improvements have been made possible, and to what 
cause the advance may be attributed. vee 
‘The general increase in scientific knowledge is doubtless a partial answer 


to} the question; but is it n not more specifically answered by the a diate 
“of research work 1 which has been carried on in this field during the past fifty 
"years by professional men? The labor of individuals and of associated groups — 
te the solution of | specific problems has furnished ‘the real basis for these 
improvements. The large sums of money expended in research work have not 
oon | & always been appreciated ; but without 1 these funds the present status of the 
cost. art could not possibly have been reached. State, municipal, and private 
anging — 3 = unds have enabled scientists to ) cope with the problems arising in. this field” 
e prine applied science. The benefits that have been derived from systematic 
| > earch in the past is a sufficient guaranty of what may be > accomplished din 
fall future. Co-operative research during the World War “certainly ‘proved 
f rein- what can be done under the stress of necessity. _ 
spread hile t e the writer realizes that much i is now being done b by National engi- 
| ‘societies: in furthering research work, he believes that m more be 
| 
ynizing properly directed group action. 


— 


¥ Engr., Water Purification and Sewage Disposal Dept., Public ieee J 


‘a 7 Received w Secretary, September 19, 1927. 
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‘those who have a genuine ir interest in. progress of 
_ water- works engineering. . The problems to be solved involve 1 the fundamental 
“branches of f science, such as physics, chemistry, and biology; and in applied 
science, the arts of civil, mechanical, and electrical engineering. Where ¢ among 
_ human activities could one find a more fascinating or varied field for labor? | 
' To the younger members of the profession, it should offer a life work of | 
Cates M. M. AM. | “Soo. (by letter). +—Mr. Fuller has: 
- performed notable service toe engineers and others ‘specializing i in water ‘supply r 
work in bringing together in such a concise but ‘comprehensive n manner this 
J critique of water-works practice during the past century and a half. ‘eee 
- While probably the great fires in Chicago, Ill., and Boston, Mass., in the 
early Seventies furnished a great impulse to water-works construction, it is 


= that t many of of the works in “Northern cities were started about ten o 


fifteen years earlier. For some reason, , the late Fifties. and | early Sixties seems 
to have been a time of considerable water ‘supply work i in this se section, possibly 
because of growth in population | and i increase in value of property. peient si 
win Apparently, the largest increase in public w water supply works _— 
“a Of the 9850 plants estimated as in service in 1924 and g given in Mr. 
Fuller’ 's Table 1,f 6.1% were installed prior to 1880; 32.5% prior to 1896; end 
5% since that date. That i is, , about two- thirds ¢ of the total ‘number of water | 


“supply s systems in the United States, as estimated in 1 the “Manual: of home 


Water Works”, were installed between 1896 and 1924, 

*, ata The use of house cisterns or tanks connected with the public supply was a 
very common mode of supply for individual buildings, because they could be 
- filled at night when the city draft decreased. This reserve helped during» the 


when the city supply, due t to inadequacy « of trunk lines, was s unsatisfactory 


cisterns were supplied with filters which the water was” 
Passed | before being used. In “Inany towns and cities, about a century ago, 
large public cisterns ‘were located in various parts of ‘the municipality, in 
which water was stored for fire protection purposes. Such cisterns: were 
_ existent | in Malden, Mass., and 1 Hartford, Conn., , up to within a few years, 
although abandoned many years ago, 0, probably with | the introduction of 
4 aqueduct water. . The locations of these cisterns were often forgotten and only 
Feealled w when they were” accidentally ‘uncovered or broken by heavy 
es Wooden pipes of bored logs were used in many localities. They were in 
_ service for some years in Boston and elsewhere. In Hartford, such pipes were 
used as early as 1803 in at least two supply “systems: bringing water to the 
of the city springs miles away. On Fig. 1 is shown 4 


Mer. and Chf. Engr., Hartford Water-Works, Hartford, Conn. 


Received by the Secretary, September 27, 1927. 
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photograph of one of these wooden pipes removed in 1926 in the center of th 
city d during the construction of a large building. Fig. 2 is shown a 42-1 


cast-iron pipe for purposes of « comparison. we Linh 
‘The use of cement-lined | pipes seems to deserve somewhat more attention E. 
than Mr. Fuller was able to accord it. As he states,* this pipe | had | consider- 


able | vogue, particularly in in ee ns its value then and now seems 


lined water pipes known to the writer, is 3 in a entitled “Wrought- 
Tron Cement- Lined Water Pipe” by the late Leonard Metealf, M. Am. Soc. 
‘ 
E. A perusal of this paper indicates the widest variation in experience, 


As an example of use, it is of interest to the 90-1 -in. 
cement-lined main of the o m the . 


“reservoir ( on Walnut Hill Broadway, Somerville, for a distance 

of several miles. 3 Installed in July, 1871, it is s still in service as an integral - 
part of the present Metropolitan: (Boston) Water Supply System. Possibly, 


‘ in systems where so much trouble was. experienced with this kind of pipe, the a? 
makers an and not the material were most blame. 


reliance on linings and | coatings both cast-iron and a, 
° pipes is mentioned very briefly by Mr. F uller. The absolute dependence on the > 
q ‘integrity y of | a covering to protect cast -iron from rust tubercles that 
educe flow form corrosion | that soon destroys steel pipe when exposed» 
to § “aggressive” waters i is, » however, worthy of more than a passing | comment. 


‘The importance of the work of the committees of the several water- -works © 
associations now considering this matter of y pipe covering, is realized when one— 

a recalls the steel pipes that have completely failed within a few years after 


being laid i in adverse conditions of soil or exposed. on the interior to corrosive 
water. Steel pipes undoubtedly have a a large place in water-works construc- 


tion, but: that place must be suitable for their use. 


the 1 matter of ‘distribution economics,” it seems desirable to ecord 


the vast improvement that has resulted from the intensive work of ‘the. - 
- National Board of I Fire Underwriters, under the able leadership of  Georse Ww. 
Booth, M. Am. Soe. E, Chief Engineer, in 1 developing ‘such adequacy of 


a supply and ely « systems that it has been possible to reduce rates for insur- ;. 
oh 


as been greatly diminished by the 3 
Present conditions in a large Western city indicate that if one is 
for information concerning ‘the “bitterness of the opposition to metering” it 


nt ‘The n methods used in Philadelphia, | Pa., and New York, N. Y., in secur- 4 
ing a source of water supply \ were similar to those in Boston, when the first” 


water supply “was” brought in 1 through the “ ancient conduit” installed by a 


company of citizens under authority of an Act of May Session of the 
General Court of 1652, or six years previous — 


* Proceedings, Am. Soc. C. E., September, 1927, Papers and Discussions, p. 1590. 


+ Journal, New England Water Works Assoc., March, 1909, p. 1. 
Pro dings, Am. Soc. C. E., September, a ad Discussions, p 1591. 
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ed dus ‘the Dutch | in 1658 and prior to the Mz anhattan 

Company of Aaron’ Burr, chartered by the ork Legislature | in 1799. 


Two years earlier than that date, 1797, the Hartford 


given a charter by the General Assembly ¢ of Connecticut. - In February, 
the General Court of Massachusetts gave a charter to the “Jamaica 
Aqueduct Corporation” to bring water from “any part of the T Town of Rox- 
bury into the Town of Boston. Py tent 
oatd Ins skimming the history of the development of pu pumping engines, the p 
formance of the E. D.- Leavitt triple expansion engine, “install ed at the Chest 
nut Hill | Pumping Station of the Boston Water- Wi orks i in 1895 should not ie 
overlooked. ‘This pu pumping engine, on» authority of the late Desmond 


Fitzgerald, ‘Pant: President Am. Soc. 0. E, bh is said to be “one of the most ost 


remarkable existence in respect to duty and workmanship. Its three 
- eylinders : are 13.7 in., 24.375 in., and 39 in. in diameter, respectively. ‘High 
speed was, made possible by use of Riedler valve construction. The normal 

speed of ‘the engine is 50° rev. per min., at which the pump capacity is 
it 20 000 000 U. S. gal. per 24 hours. m The duty of this engine was 145000 000 


ft-lb. per 1000 000° B. t. ue It is stated that this engine has been run at a 
speed of 701 rev. per min., oF _ in excess of the contract, » with smooth and 


The epoch-1 -making Ky., investigations and ‘their result in 
dation future work in water purification, was due almost entirely to the 
minute attention to. detail, the untiring enthusiasm and good judgment of 
ancl would seem desirable to call more attention to the two types of See 
aa tion works’ on which dependence i is placed for safe-guarding public health 
. aa supplying attractive water ; and especially tot the advance made during the 
‘past : 30 years in the art of clarifying the turbid waters of the South and West; 4 
us due, first to ‘the hit-or-miss methods of commercial exploitation and, finally, 
placed on a sound scientific basis by t the technical work of the late E. B. 
‘Weston, M. Am. Soe. C. E., Mr. Fuller, and Robert, Spurr Weston, M. Am. 
» The failure of the slow sand filter, in many cases, was due not to the type , 
“of filter, but to its limited application and inadaptability. to meet sc some 
ditions imposed. 1 Bon overcome these difficulties, modern art has developed a 
_ much more efficient machine than the slow sand filter. The largest slow sand 


“plants in this country are those at Pittsburgh, Pa., Philadelphia, and Wash- : 


ington, D. ©. Slow sand plants giving most satisfactory re: results as to. ‘© quality 
of effluent and cost of production | are in operation at Springfield, Mass. , and 4 & 
or i 


= at Hartford. In these places, as in many others i in the north and east st portions 
= of the United States, where the natural waters carry little turbidity and only 


[8 a moderate amount of color, the slow sand filter is particularly well adapted. 


Where this type can be ‘used, the ‘resulting effluent generally i is much more satis- 
factory. After- sterilization is ‘usually “unnecessary and the operation of the 


The latest of the larger 


filter plants of i » rapid ‘sand: type is the: Providence, R. L, 


designed and constructed under advice of Allen Hazen, M. Am. Soe. C. 
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-eontrol ‘of water supply as well as other utility busindes: . This regulation has 


injected into” utility op operation business methods which have been almost as 
efficacious in producing satisfactory working conditions the improvement 
in technique has advanced the quality of the water supplied. In fact, , these : 


two are interdependent, fc for’ Ww ithout economical financial control, the i improve- 


ments in supply and ‘purification would have been’ much less available for a 

it 


Ina statement of this ‘kind covering as. it does a period of many years, 


seems desirable to give brief note of some of the leaders in branch of 


ree | James B. ancis, ‘Tames R. Fteley, Frelere P P. Stearns, 

igh and Desmond FitzGerald, Past- Presidents, Am. Soc. C. E.; Hiram F. Mills, 

| Hon. M. Am. Soe. .C. E.; and J Joseph P. Davis, Dexter Brackett, and George C. 
‘Whipple, ‘Members, Am. Soc. C. E. 

It is is of interest to note also that’ most, if not all these names, as_ well 

as those of many others eminent in w ater supply work, associated at 

7 “times | either with the Boston W ater- “Works, or that institute of public health 

| — work | administered so efficiently by Dr. Thomas M. Drown, William T. Sedg- 


wick, and Dr. Henry P. Walcott, the Massachusetts | State Board of Health. —_— 


Kierstep,* M. Am. Soc. C. E (by letter).+— Mr. Fuller’s 

- historical sketch of water-works development reminds the writer of the > situa 
= tion in the Middle West in the Eighties and | early Nineties, when | promoters 
enthusiastically. sought franchises for water-works construction. Due to their 
efforts, doubtless many small cities acquired water- works» much sooner 
would. have been the case had the matter been left ‘entirely to m municipal 
initiative. The utility bonds offered by these promoters, for a time, seemed 
to have : a ready sale, particularly f¢ for properties in the larger Cities. However, 


PAR 


some of the promoters the essential aim w as to increase their 


material and supply business through sales s to the water-works constructor a 


while accepting bonds in payment. The outcome of this policy, when the 


_ bonds issued against the utility failed to find a ready market, was sometimes 


disastrous and caused serious financial emba 
Improvements were made from time to time as of purifying 
and distributing water became better ‘understood, particularly in localities 


depending on a river:as the source of ‘supply. Mechanical filtration, one a 
_ the methods advanced through commercial channels as offering great prospects 
| 3 for improving the quality of river water, had | its capabilities greatly over- a 
rated at first, which resulted in numerous failures in efforts to clarify muddy 
water. ‘Through all this period a { few important. cities like St. Louis» and 


uality 


- 
~ Kansas City, Mo., and Omaha, Nebr., located on the Missouri River, continued 
to rely on sedimentation as a means of water clarification ; and of these three | 

‘tities, Kansas City is the last to construct what are termed ‘modern — 


an The rise in regulation of public utility works in the past two decades seems _ _ 
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works. Mr. Fuller have consistently added a ‘paragraph regard 
to the evolution of the sedimentation process, » particularly as it is the main 


q dependence « of successful filtration. — The experience of Kansas City is a good 
illustration of what can be accomplished i in clarifying water by sedimentation 


and of rendering” a water safe and potable through the aid of @iniestion. 
- is worth while to give the experience of this city during the fiscal years, 


1921 to 1926. These general results are given in Table 


5.—PHysIcat or Kansas Crry, ~Mo., Water Suppty. 


"Average ge turbidity of ‘Typhoid deaths 


Fiscal year. water distributed, in 


tl In a large measure these highly gratifying results are due to o the efficient 
effort of ‘Dr. George F. -Gilkison, although was ‘compelled to 


in clarifying and purifying the river Central West. 


development of the art of water purification should ‘see more e attention g given to” 


ou 
the design « of the settling basin and to methods of breaking u up the colloidal ¢ con- 
dition of sediment in the preparation of water for the filter. = urther deve lop- 
‘ment of the filter itself should be directed toward simplifying and cheapening - 


: its construction. m. The topic > of sedimentation i is too important to be obscured 
by the 5 prominence of an associated topic of less real importance, namely, that 
of mechanical filtration. ul The latter process must rely on the settling basin 


to prepare the water for filtration and on chlorination to sterilize the filtrate. 
Mr. _suggestion* that the collection and digestion of available 


information relating to the engineering aspects of underground supplies, is a 
valuable one because » this source 0 of supply is greatly \ under- rated in localities — 


where underground ‘water supplies are abundant. Lack of an appreciation 
the value of the underground source of water supply i is perhaps the reason for 


cities, in a fe few instances, abandon an available and abundant 


nderground water supply for one from a polluted and muddy river. ropa- 
oo. relating to the mechanical filter may be responsible indirectly | in no ae 


small measure for the obscurity surrounding the underground water supply, in 

that. it has as engrossed, so completely, the minds of engineers. ey ee dg] 


. pull is worthy of note, | however, that late developments show that at lage 


“quantity of water can be pumped from a single well sunk ‘in fine water-— 
—_ sand . This is is ‘certainly an achievement, particularly i in the method by 
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which wells in such material can be successfully constructed, operated, and 
maintained. Success in this particular direction has the 
range of development of underground water and has added a new stimulus to 


_ Referring to, Mr. Eddy’s developing stage: > through w which 
the disposal | of | sewage is now passing is quite likely to leave in its wake 
“many abandoned or ‘transformed structures formerly erected in compliance 


with sc some theory: or principle which, the time, 
he ‘septic is now y of the past for ‘community use, 


purely mechanical process of sedimentation with the biological process of 
sludge digestion. A sacrifice of essential principles of one or the other of the 
is. Tikely to follow attempts of co- them 


i. 
on in 


nethod of sew age and its importance is so as to entitle it 
to an independent structure w herein the governing principles of sielleoitalinin. 


can be applied \ without interference with those of an entirely ‘different process. 
‘T his treatment cannot accomplish ; all that is ‘desired, however, because it . does 


not remove the colloids a an nd, not reduce the s sewage to con-— 


a settling basin. writer regards this. inter- 


mediate treatment of sewage as the most important phase. It invites the: 


closest attention of the chemist and the engineer in arriving a at the best and 


‘= most economical ‘Process by wh hich a x a maximum a percentage of suspended matter 


natural ‘process. this end is. accomplished final “disposal of 
i sewage by im irrigation in the re arid and semi-a -arid sections of the ‘United States, 


or by ‘intermittent filtration i in | other sections of the ‘country generously 


watered by Nature, will receive well merited ‘consideration. Neither method 


of land disposal should be considered obsolete as long as a natural process” of 


The sprinkling filter, notwithstanding its many merits, must disgorge itself _ a 
of f organic accumulations peri iodically or | become « clogged. The usual offensive- 
ness of the disgorging process can be alleviated i in a great measure through the 


previously ‘mentioned intermediate treatment. Then the danger of over- 


ve burdening the natural activities will be decreased; there will be less occasion 7 


fort the use e of after- apnoea: and _ area of the filter, always expensive 

The method of sludge which i is of importance, should be 
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digestion tanks may be required, wherein some kind of treatment will sieihy 


In short, it is the writer’s s belief ‘that future development should be directed 


’ “toward a a larger removal of suspended matter before sewage is applied to land | 


M. O° Snavonessy,* M. Am . Soc. C. E. (by letter).+—Mr. Fuller 
— to be complimented on the exhaustive handling of the subject of water- works, 


in his brief summary. The most valuable tabulation is the great 

in number of publicly owned Ww ater systems versus privately | owned 

(Table: 1t). The United States i is to be congratulated on on making the. greatest 

‘advance in the science of | water distribution and measurement as indicated 

by the Venturi meter developed by Clemens ens Herschel, Past- President, Am. , 


describing hydraulic- fill dams§ Mr. Fuller ‘ignored ‘the credit that 


belongs to the late Julius M. Howells, M. Am. Soc. CO. E. He successfully - 
constructed the first two hydraulic-fill dams in the United States; the first i in 


— and the second at La Mesa, Sat Diego, about 70 ft. high. The lat- 


ter, has since been submerged by a. higher buttressed arch concrete dam 


immediately below it. The la te James D. Schuyler, M. Am. Soe. C.-E., had 
De the discretion to pick up Mr. Howells’ ideas and methods and, , with a broader 


develop the subject of hydraulic-fill fill. dams : more exhaustively. 
a Mr. Fuller - ignores the importance of the rock-fill dam, devoting less than 


one sentence to it. It is entitled to more peer day stati as the largest dam — 
east of the Mississippi River is st 
across ‘the Dix River in was in 1 1925 a as a restrain- 
7 ing reservoir for power uses. — ‘The water- tight curtain is properly on the water 
face of the dam where it belongs, and no not on the back. 
He contributes a very valuable section toward the: history of "pumping 


water, including a description of of the Worthington pumps. _ Modern electrically. 
‘operated centrifugal 1 pumps have displaced all the heavy, cumbersome 


_chinery and equipment in vogue thirty 3 years. ago. 
_ The Medical and Engineering Professions are to be complimented on the 
_ improved sanitary condition of water ‘supplies for drinking purposes, as indi- 
cated by the lowering typhoid fever death rates in cities. Table 
shows at once that there is at present. only one- -twentieth of the deaths from — 
_ this disease that there were 2 20 years ago. _ This shows progress. — pasee 


a The City « of San F rancisco has taken elaborate precautions for the pre- 


servation: and purification of its water supply by e extensive land ownership 
around reservoirs. — ‘This i is a wise precaution. Pa It is a foolish it idea for water 7 


—_ and cities to encourage pleasure- e-seeking people to enjoy the fishing 


4 


Am. Soc. September, 1927, and Discussions, 1588. 
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or r boating on on domestic water supplies, and the or only safe rule for public health i 


_is exclusion. i. In this regulation the San Francisco | engineers : are ‘supported by 
the public h health authorities. Prat 


OHN | Grecory,* M. Soc. Cc. —Mr. Eddy has presented an ex- 


paper on ‘the history, of the sewerage and drainage of 
_ towns. — There are many phases of the subject that might be discussed at 
length, but the speaker w r will confine his discussion to one phase only; that is, 


the question of the separate or combined system of : sewers for cities. ‘There 


is much to be eaid for both systems. . The speaker holds no brief for ‘either 


type, but there are some phases of the > subject, that should be e considered rather 

carefully. Take, for example, the « question of storm overflows from a combined 


system. _ When. a large | city is located on a stream which has a large volur 
of flow, ‘the question of storm overflows may not be of much importance; 


whereas, if the > city is s located on a stream the flow of which during ¢ y weather 


With reference to maintenance and operation, both systems present cettain 
a difficulties. With the combined system there are eatch- basins | and, with ‘the 
separate system, surreptitious connections of rain- -water r leaders to the sanitary 


_ Sewers, sometimes causing flooding | of cellars, and also : surreptitious connec- 


whereby sewage is discharged into | storm- water 


However, it seems that there is very much to be said for the separate | 


system in. the ease of a | large city located on on a s stream that hes & a very low 
 aalieii flow in summer, especially if the stream runs through | the heart of the 
sty ‘The speaker has in mind one city having a population of about 300 000 — 
which is sewered mainly on the combined system. The city happens to be 
“located on a stream having a water- shed of 1500 sq. “miles and a dry-weather 
flow in 1 the stream of less than 10 cu. ft. | per sec.; 7 which is almost pherenll > 
Under such conditions storm- water overflows ‘are of great importance, — 
the volume of overflow must be e kept at a minimum if nuisance in the stream q 
to be avoided. the city, was sewered on the s separate system, the problem 
= of keeping the stream clean would be much simpler 
Wes The tendency in the country is for cleaner streams, and - if streams are to o 
kept clean it is a question whether + the advantages do not lie with the e 
7 separate system, rather than with the combined system, if the sewage is to be — 
Karn M. Am. . Soc. Cc. .—The scientific conditions of the diges- 
of sewage sludge in separate e tanks (separated from the flowing sewage) a 
were first studied by Mr. H. W. Clark, in Boston, Mass., in 1899. Since 1906 
‘sludge di gestion has been successfully carried out in the lower chamber of two- 
j story settling and sludge- digesting tanks. Later, sanitary engineers learned 


A ine to digest. sludge successfully i in entirely sep: separate tanks by the same alka- 


line methane fermentation that is observed i in the lower chamber of good ower if 


a = * Cons. Engr. ; Prof. of Civ. and San. Eng., The Johns Hopkins Univ., , Baltimore, Md. — a 
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The depends only on two factors: 4 and The 


- = fresh sludge is mixed with ripe alkaline sludge in order to a void acid fermen- _ 
in the former. ‘The pH value of ripe in 13 to T. 6. 


_ The temperature » should be between 6° and 25° cent., the or the better. 


in the Southern States. the e natural temperature of separate tanks n may be 


sufficient. . In the Northern ‘States, two- -story tanks are better because the 
« sludge tank i is kept warm m by the flowing sewage ¢ of the ‘upper chamber. ‘Arti- - 


ficial heating i is easier in n separate tanks. 
‘Liming (against acid poe tried in 1913 by | W. L. 


Stevenson, M. Am. Soe. OC. E. and K. ‘Thumm, in Berlin. It is recom-— 
om 


mended by De. W. Rudolfs. . It may have value i in ingens dusts, or for special 
acid trade waste; but, ordinarily, it is not necessary. _ — 


Kennet ALLEN,* M. Am. Soc. ©. E. (by letter).+— Mr. Eddy has presented 
a adequate and d comprehensive review of progress made in salient features of © 


sewerage and sewage ‘disposal practice in a few pages of print to which little 


of importance can be added. - Nevertheless, the following notes may be of 


in n 1842 and by John Phillips i in “1847, “more than thirty. years before its 


introduction in the United States by the late Col. George E. Waring. 


- . - City of Paris built its first modern sewer in the rue de Rivoli in 1851. The prac- © 


tice of flushing to remove deposits in the « rudely designed sewers of the 
period and then the flow had to a consider- 


more device. "These tanks were deemed an n essential a accessory to 


- such ‘systems. by Waring, who introduced them at Memphis, Tenn., and, with | 
_ later ‘modifications, they were largely adopted in the design of separate sys- 


ad in 


during the latter part of the Nineteenth Century, ‘until it became 


apparent that their effect was “more. limited and their use of water ‘more 


costly than at first supposed. — They still find a legitimate field of usefulne ms 


ti Concerning: the introduction of | sewerage in New York, it may wy be remarked © 


‘that the first “Public Necessity House”, or comfort station, was built in 1691, 
- while the 1 first public ‘sewer is said to have been laid in Broad Street, as a 
‘result of a "petition to the Town Council, in 1696; but it ‘probably 
until 1805-07 that an lntiinatadih sewer, still incorporated in the existing system, 
= built in Canal a In 1860 egg-shaped sewers were introduced and, in 


‘THe first sewer in Chin: Tll., is said to have been laid in 1835, but it was — 


not until 1856 that construction under a plan was put into effect. 


= San. Office of Chf. Engr., 
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Aves It is said that water- r-closets existed in Herculaneum in 400 B. c., but in 
i spite c of the precedent it was not until 1776 that a patent was issued for ‘this 4 


= device. . In 1846 , plumbing was introduced in America as a special luxur i 


‘Siphon traps were suggested - for water-closets by the ‘Metropolitan Sanitary _ 
Commission in in England in 1847 ‘and nd by 1852 2 they v were e being introduced in — 


- that ¢ country. A “quarter o of a century intervened, however, before the use of 
water-closets became common in the United States. 
— he ‘question of sewer ventilation has received more attention in ‘England 
Pe on the Continent than in this « country, where reliance has been wi usually 


placed on holes in the manhole covers. ie J These were introduced in New York a 
in 1875. Where the sewers are ‘designed or operated so that they keep = | 


this seems to meet the sanitary demands of the case. It was just before this ra 
(187 3) that Baldwin Latham published Engineering”, which is 


ew ‘pumps at Milwaukee, Wis., Chicago, 

and New Orleans, La. A similar pump was installed about fifteen years 

at the head of Canal, ‘Brooklyn, to flush the waters | of 
7 that stream by pumping, either from it into a 12- ft. tunnel, 6270 ft. long, ; 


leading to ‘Buttermilk Channel, or vice versa. capacity of the 


14.000 000 gal. per hour. 


_ The practice ‘of discharging sewage or sewage ‘effluents from ‘submerged 


Germany, Boston, Mass., Washington, D. 6, , about 1900. ‘The 


advantage is very apparent where the depth is more than 30 ft. a . and where, a 
as in more r recent ; construction at Cleveland, Ohio, Deer Island (Boston), and 
in the « case of the Valley sewage, discharge is distributed 


of outlets. ation 


| 1876, tk the Massachusetts State Board of issued a special — 
dealing with the “Pollution. of Rivers’ the “Water Supply, Drainage, and 
Sewerage of the State”, and on the “Disposal of Sewage”, calling pron 
id methods used abroad and to the necessity of adopting similar ‘measures in 
the interests of sanitation. This, and a report. the following y year, on “Pollu- 
tion of Streams” were ‘notable in rendering the results of foreign experience 
as a pal The first ‘comprehensive report on methods of disposal, pre presenting definite a 
recommendations ; for construction, was submitted by the late Samuel M. Gee, 


Am. Soc. C. E., to the City Council of Providence, R. in 1884, although 
a few attempts | at disposal on a small scale had already | been ‘made. ~The e first 
attempt, involving irrigation, had been made at an insane asylum at Augusta, i 
in 1876, and at Cheyenne, Wyo., in 1883. 
The water-closet. was by that time being introduced and the condition of 


watercourses in the more densely populated districts was 
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ON DEVELOPMENT OF ‘SANITARY ENGINEERIN 


serious. disposal was in vogue as a method, and 


coming into favor. The plant recommended by Mr. Gray was s built at 
-Providene and was followed by | others elsewhere, as mentioned by Mr. Eddy. 


Among ‘the ‘smaller plants was that utilizing the Dortmund type of tank 


designed by Allen Hazen, M. Am. Soe. O. wks operated at the World’s 


“Ee During the two decades following 1880 , irrigation or intermittent ‘filtration — 


was introduced cat Pullman, Ti, South Framingham, and Brockton, Mass., 
Plainfield, N. J., Pawtucket, R. I., Canton, ‘end elsewhere. experi-— 

ments on filtration, conducted by the Massachusetts State Board of Health, 

at Lawrence, during and subsequent to the late Nineties, under the ‘direction 


of t the late Hiram F. Mills, Hon. M. Am. Soe. ©. E., added emphasis t to the | 
important part played by air, and were followed by ‘the deedigtlinas of the 
contact bed and trickling filter. At Reading, Pa. ., a double-deck filter ‘was 
constructed above ground, where screened sewage was first strained through a 
bed of coke and delivered to a filter of sand resting on ‘cinders. | After percolat- 
i ing through this bed the sewage fell about: 10 leah a the form of rain, to a 
sond filter consisting of sand resting on slag. _ The process 8 provided a good 


but ‘proved expensive and, later, was 


filters, by the late Rudolph Hering, M. Am. Soc. E., 


lbs ant if _ Among the more recent. applications of air to filtration should be men- 
17% fa tioned that of ‘Strogonoff, at Moscow, where oxidation is hastened by intro- 
[ee 1" ducing air in the bottom of an enclosed filter of fine material about 11 ‘ft. 


ai deep. In this way it is claimed that ten times Gp. volume of sewage ean be 


Meanwhile, the septic tank into for sedimentation, followed by 
_ the tbat tank, of which type the Calumet Plant at Chicago ‘deserves men- 


sewage was "England by Angus Smith as early as 1882. _In 
q 1891, Col. Waring began experiments at Newport, R. I. , by foreing air into 
a bed of gravel or broken stone, which process . he patented and. introduced at 
_ ~ small plants i in Brooklyn, N. Y., Philadelphia, , and Wayne, Pa., and elsewhere. 
7 ha In 1892, Loweock came out with a somewhat similar process | in England. I I 
1910, Black and Phelps ‘conducted experiments in forcing air through col- 
 Joider tanks at the 26th Ward Plant, Brooklyn, an ad, in 1913- 14, the activated 
_ sludge process was developed by Fowler a 
England. It was s patented i in| America i in If 1915 by. Mr. Leslie “Frank. 
recent development along the lines of activated ‘sludge been made 
_ by Karl Imhoff, M. Am. Soe. C. E., in what is called an “Emscher” filter, or 


contact. aerator”, introduced at Kettwig, Germany, in 1925. In this a a ccr- 
i degree of activation is. brought about through the artificial aeration of 
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bea Disinfection of sewage by calcium hypochlorite was tried on out in 1884 in 


London by Dibdin and was investigated in Germany by Proskauer, Elsner, 
_ and Dunbar, and in the United States by Phelps, who, in 1907, applied it on 

a practical scale at Red Bank, N. J More recently liquid chlorine largely 
‘supplanted hypochlorite, and its ‘use has extended rapidly for the 
of al shellfish and bathing» beaches. «ot has also been advocated to defer the 


Oe Reviewing» the development of sewerage and sew age treatment in | America, 


experience, first 3 in England and, later, in Germany, has been freely utilized ; a 
but it has been modified to the different climatic demands and in accord with 

_ independent research, of wl which the outstanding example was the early work ~ 

of the Massachusetts State | Board of Health. Irrigation, intermittent filtra- 


tion, chemical precipitation, the contact filter, and the septic tank, have all 
seen their day ; while | fine ‘screening, the Imhoff tank » sedimentation tanks | 
‘witils mechanical sludge removal, the activated sludge process, and need 


hold their own as. standard and reliable methods of ' treatment. i 


L. Trius,* M. C. E. Qrecley’s paper 150 
history, has naturally included many items: of interest, but of 


“necessity has had to omit ‘enlargement where it sometimes would have proved - 


- No one can remember conditions farther back than perhaps | one-third of the ’ 
period, but the “municipal housekeeping that comprise 
_ and disposing of them, 


The perfection of pavement cleanliness now demanded, was” impossible 


(even if wanted), to the: advent “of hard and “smooth pavements. 
Macadam could not be machine- -swept without: risk of injury ‘to the surface 


coat, unless maintained with greater care and at larger cost t than cities would 
sanction. Cobble- stones, which covered so. many miles of some city streets, me 
afforded ideal gathering places for innumerable filth g germs. 


— So far as the speaker recalls, the only place on earth where. cobble pave- 


ments had any real ‘excuse for. existence | is at Funchal, in the Madeira Islands, 
_ where transportation is by ox teams drawing sleds with well- greased wooden 
fs. As people advance i in desires, their demand i is for larger municipal opera- 


tions; and vice versa, larger operations re-act on the people. The speaker well 
remembers certain experiments of about 20 years ago. «He selected three ‘ill- 


te 
paved, , ill- kept, slum streets in different parts of a city. The buildings were 


‘ largely devoid of paint; ; windows were rarely fully ‘glazed; shutters hung by 
z ne hinge; house refuse was thrown in the gutters ; children’ abounded and, 
Sally with their parents, were a slovenly lot. 


The was then straightened ; good curb- pavements were laid; 
a street sweeper in white uniform was assigned to each street; and notices were 


me asking house occupants to put refuse i in ‘sound receptacl 8, for regular — 


daily collection by the city. What happened? Within six months —— 


* Cons. Engr. (Tribus & Massa), New York, 
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a glazed; shutters hung; painting had begun ; were being repaired 
or renewed ; ; garbage a and wastes were almost completely ‘placed in metal 


containers; some plate-¢ -glass_ store fronts children were less" tattered 


Inc one year r the ‘transformation was as complete, and been isting 
Mr. Greeley has called attention* to the basic fact in municipal house- J 
cleaning problems, that only when ‘tren at the head take a real interest in 


their jobs, does efficiency show in the work itself. An enthusiastic head, 


honest and capable, will secure, out of ex even: "poor ra material, ‘results that 


pep The inter- relationship « of pavements — street t cleanliness i is so vital that 
only v with the former in first-class shape ape can the latter obtain. | ‘Street -cleanli- 

usually re-acts on the maintenance of properties, but not always. 
Municipalizing garbage and refuse collection and treatment systems 

rather the last ‘great: step, aside from transportation, in city y life. Water- 
works, sewage systems, and various other utilities reach approximate perfec- 
tion, but: private ash collection continues, with its greater per capita cost, 
until places for ‘dumping refuse o or for fee eding ga gar rbage to » hogs, ¢ and for re lee 

_ tion processes, cannot be readily | obtained. Then municipal relief is Reis. 
_ The Oriental and near-Oriental sensibility to smell and | sight does not 

seem as keen as that of the c conglomerate | and amalgamated American with its 
‘Anglo- Saxon predominance; so the dog : and vulture Scavengers that 7 
the street- et-cleaning personnel of many populous cities are even yet tolerated. — 

Pst The speaker is glad that he visited Constantinople before the thousands of 

street dogs were destroyed, and saw the groups of mangy curs, large and small, 
appropriating the sidewalks, while pedestrians walked in the ‘Streets. These 
groups knew their own districts, p perhaps by ‘virtue of dog vote and determina- 
tion, for it was immediate destruction for any dog to step outside his own ff 
territory. Not a scrap of any edible refuse ¢ could long be found i in the streets - 


that wonderful cosmopolitan « city. The ur unpaid, ‘non-uniformed, four- footed 


‘said to ) have d disappeared through. pen process of killing and eating each other. 
Lack of general ‘sanitation, however, produces a terrible death toll” when 


‘epidemic breaks out in Oriental cities. 


_ Mr. Greeley has outlined the types of treatment plants with some of their 

respective merits, but on the economic side has” not had time to emphasize 

- sufficiently two points: (a) The relationship of costs } of collection and haul, to’ 


aL _ the locations, sizes, and types ¢ of disposal systems ; and (b) the possible market, 


r+ a any, and means of reaching it for recoveries of by- products and residues. : 
_* 3 As a general principle, a large community must consider the whole = | 
as one of net expense, with perhaps opportunity for some returns by the way. 
at," __ For historical a accuracy as to ‘the introduction of the English furnace. into 
oF this country, 1 the speaker | desires to give large credit to Mr. George Cromwell, 4 
who as "President ‘of the Borough Richmond, City, of New ‘York, by 
broad- gauged intelligent co- operation and authorizations permitted ‘the 


completion | of a long course of were conducted by | 
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Ww , with Mr. Richard Fou. (later of Chicago, Til. ), and J ohn T. Fether-_ 
ston, M. A Am. Soe. C. E. Commissioner of Cleaning of the thee 


findings we were confirmed by ‘Mr. Fetherston i ina visit to Great 
to serve ‘the needs Teland. 
The speaker’s s special contribution to the the original English 
“type of furnace, was" the joint cooling of the clinker and heating of the forced- 
draft : air, by driving it through the hot clinker while, held on a lower grate. , 7 
& Mr. Fetherston’s very valuable > and useful p patent was the ‘making of a ridged 
grate, which formed breakage lines in clinker, rendering its removal 
‘simple. The. hydraulic charging pan was first perfected in the W est New 
Concurrently, with the Staten Island experiments and independently “a 
from, the City Engineer of Seattle, Wash., reached the same conclusion, 
namely, that high- “temperature incineration was the b best form w where ‘utiliza 
was not. expedient and where the destruction of f organic matters was 


Staten Island seems to have been, n ot os the early nurse nursery of scientific — 
h its garbage: treatment following its first Dixon furnaces, but “the site of a 
very large’ Cobwell reduction plant that furnished cause for much litigation, 
_ throughout the course of which the speaker was consultant to those i in “a 
_ tion, led by the District Attorney and committees of the people. 7 Briefly, the 
"proven | excessive nuisance from odors caused the final closing of the plant, not 
eondemning the -Cobwell | system per se but rather’ the operation 
Smooth, hard ‘pavements, rubber tires, and horseless vehicles have lessened 
noise and ‘pavement wear, r, making street cleaning much simpler, n more> 


and cheaper than formerly. ‘Municipal garbage and refuse ‘collec-_ 


tion, with treatment in high- -temperature furnaces, has m for betterment. 
a Snow removal is a factor in large city housekeeping in the sil 
zones. «Qld Sol” looks after the situation in the of cities” 
where “snow occasionally, falls, “J ack Frost” largely holds the snow in place 
in the northern: ‘communities, until spring thawing attends” to the matter; 
sidewalks | are cleared, adding to the depth of snow in the roadways w raid 


oo More of the largely populated places come within the first. series, and the 7 


"problems have been many. _ Gathering by by scrapers, and hand-shoveling, with 
med - carting to water-front dumps, have been most generally adopted ; but probably 
the most efficient: ‘method, where : sewers are large enough, is gathering 
ce a —— into sewer ee aided, if the weather be not too cold, w with urge — 


into corner basins. The total of. annual expense runs s into many millions of 


What the next 150 years may bring forth is, hard to predict. Perhaps 
boneless synthetic foods be > prepared ‘that will entirely eliminate garbage 
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wastes, and only the containers will require disposal ! ~The imagination might | a| 
well 1 run riot, as to the future, in view of past achievements—so well reviewed 
oe by Mr. Greeley. In general, however, engineers had better ‘report upon accom- — 


E. “Moroax,* ©. E tile every phase of the 
—s outlined by Mr. McCrory is ‘seen the same characteristic of gradual 
growth from -erude and simple origins to great and complicated operations. 
The ‘author describes the beginning of tile drainage in New York State 50 
years a with of 1, 2, and 3-in. . tiles, and the of open 
drainage with small farm ditches. From ‘tee have developed the dita 
‘systems of underground drains in in the Middle West, laid with great tile 2 or 3 
ft. in diameter, and the open channels, sometimes 100 ft., or more, in width, a 
in systems draining hundreds of square miles. — In the development of excavat- 
ing machinery there has been the same gi gradual growth, from the time when all 
work was done by hand, to the present day of dipper dredges, Nica lines, cable- — 
eal In . the associated legal « developments the same trend from ae old primitive 
= enabling a few farmers | to co-operate, digging his share of the 
neighborhood | ditch, to some of the modern codes, under. which as ‘many as 


50 000 tracts of land have been assessed to } pay the cost of a single iz ah 
<- 


ai most ost of | that legal development i it has been characteristic that law- 
< pani have seen but a little way ahead. “4 The speaker has been interested in 

g the history of drainage law. As a rule each statute that has been 


passed “hast been n in n the interest of some single project type of al nd 
‘erally accepts the one. that has gone 
particular: features. The process has been a step- by- -step development, e 
new code carrying along the “vestiges and appendages of obsolete legal and 
administrative procedure. Land drainage engineers are only beginning 
_ devise 2 and create codes that ; are new in their general structure, based on com- 


_ prehensive study of needs and of legal and administrative procedure. = 


The progress of drainage has depended, not upon the improvement « of any ay 
ae Poe factor, but upon the co- ordinate development of all factors, technical, 
‘mechanical, legal, and administrative, that enter into ‘such a development. 
If a single fe factor falls behind, the whole development must suffer. 
ST __ Some y years ago the "speaker saw a | drainage canal recently excavated by 


ya 


dipper dredge to drain of the Dismal irginia. The work 
his early days: he had 


worked swith, Mr. McCrory in 1907, in There made plans for 
lands which, if executed, would reclaim a large waste 
a 
= but because of inadequate legislation 15 years passed before any sub- 


Pres., Antioch Coll., Dayton, — 
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MORGAN oN DEVELOPMENT 0 OF ‘SANITARY 2163 
ned The process of reclamation does not depend on engineering design or on 


excavating: equipment alone, but on the co- ordinate development of every 
factor that is involved. In his proper function the engineer is the person who 
ordinates and synchronizes all these factors. Anything that affects the 


ultimate success of the , project is a proper part of his work. | Sometimes, the 
engineer sees himself as concerned only with technical design. Until he 


‘ise above that concept, and can see his work to include all factors necessary 


for the proper « development and co- -ordination of all elements, he will not come 
os: When ‘the speaker first planned extensive drainage work i in Minnesota _ : 


before 1905, the drainage laws were very ry inadequate. He spent a year in revis- 
ing the Drainage Code and in getting his revision approved by engineers and g 


lawyers, and passed by the e Legislature. There was 1 was no suitable power —_— 
ment in the State and there were no experienced contractors to operate the 
equipment; so he searched the entire country for both. In his opinion, these 


4 efforts were normal and proper elements of engineering. 


5 hs In the subsequent = years of practice this conviction has been strength- 


water is a a larger concept of his functions by the ‘engineer? are great 


= projects” in this” country that never can be fully ‘realized until the e engineer 
has a picture | of the possibilities, until he possesses the co-ordinating mind 


ne th rdin 

i. The engineer must see himself as the center a these developments. He 


ust be enough of a lawyer to appraise the legal factors; enough of an engi- 
eer to plan the destinies of streams rather than the expediency of particular a 


cases ; enough of a business man to co- -ordinate and define policies; enough of 
a developer t to bring about the necessary adaptation of mechanical equipment ; 


and enough of s an n administrator to bring all these factors together to effect his 


The time As coming | the | “ordinating work of drainage and 


reclamation engineer must extend beyond State lines. ‘ On the Colorado River | 


there is a deadlock because of the lack of interstate ‘machinery. _ There are 
great, projects sin Missouri and Arkansas similarly waiting for the 
of interstate co- -operation. 


York, Pennsylvania, and New J ersey_ to give 


control of water should not be exercised with reference to any one 


interest, all probable uses and effects of water must be considered i 
engineering programs. . About 1915 the speaker endeavored to outline, for 
. the Water Supply | Division of the State of Pennsylvania, a statement of policy — 


= ” for ‘the use of its waters for all purposes.* An effort was made to consider the 
¥ water supply of t the ‘State as one of its aie resources, to be administered for 7 


. all its uses by a department ‘of the State Government, that should pass upon ae 


ee is one of the prime essentials of civilization, ce must be cnald 
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DEVELOPMENT OF SANITARY 


‘Sanitation, agriculture, power development, ‘navigation, fisheries, or water 


= must not be considered alone, but each one in relation to = aed others 


‘wale striking example i is the control and use of the 


Navigation interests assume that they a are ‘all- important ; power interests 


_ endeavor to direct events to further their own ends; the City of Chicago thinks 
+ chiefly of the Great Lakes as furnishing water for waste disposal ; and public | 


sentiment ‘inclines to o the attitude that the flow from the Lakes should first of : 


all be « conserved to maintain scenic “effects at Niagara. The Great Lakes 
present a single problem in the control and use of water. To: realize that > 


‘single « co-¢ -ordinated system of control, with | all interests uses taken into 


account, must replace the present conflict of interests. 


To bring about such changes this, the development of engineering 
statesmanship is needed. i ‘The engineer, 1 more than any « one else, is able to 


see the whole problem, ‘and to bring the comprehensive control of waters to 7 
a level with the best phases" of present: civilization. J ust as. efforts” for the 


‘control of 1 water have grown importance from the ditch to 
the control of the Great Lakes, so the work of the hydraulic ¢ engineer must lead r 


from the country drain surveyor to the engineering statesman who devises and 


administers the control and use of great water resources. 


M. Suaw,* M. Am. Soc. C. E. (by letter).+— 
in an interesting manner, , the evolution of the modern. system of drainage, 


especially: sub- ‘drainage, as an adjunct to ‘agricultural development. Few 


people who. live in 1 cities realize the ‘vital importance of controlling ‘soil 
“moisture, drainage. Irrigation, frequently more spectacular, appeals’ 


to the imagination although infinitely more agricultural products come from 


lands that have been drained artificially (to a greater | or less extent) than : 


The: various steps in drainage became ‘synchronized | with the —" of the 


4 ' ints, although it is doubtful whether artificial drainage ever was. practiced 


7 : = any great extent by the early New England colonists. With important ex- 


ceptions, ‘the practice of ‘sub- drainage, originating in England, jumped the 


_ more rugged lands of New England ‘and came to its greatest early development 
Western New York. From there, the taken into. the “Western 


Reserve” and, later, into Indiana, Tilinois, Towa, and farther west and north. 
—_—ee time that these newer areas were brought under ‘cultivation, it had | 
_ been found that clay drain tile were so ‘superior to the pioneer “blind d drain” A 


* of stones or brush, that few of the latter ‘were used; but some temporary 


ae ‘substitute was. found necessary to serve the sections where tile could not be 


secured or where the farmers not able to the initial expense. 


Such substitutes ‘the “Mole” and the “Bull ‘Ditcher.” 


~ he origina ole” was a a crude but heavily constructed sled with vines 


was placed i in such a position thet, ia pulling the sled 
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slit was cut in the ground by the edge | of the plate, the lower end being © 


given a sufficient ‘ ‘lead” to insure its “remaining in the ground to ‘its: a 


na At the r rear, r edge of the plate, nea near its bottom, was atte ached a short | 
piece of chain, at. the other | end of which was a 4-in. forged iron m ball; or, if 
available, an old « cannon ball. The ‘ “machine” ” required about twenty yoke 


of oxen to pull it, , although it frequently was p pulled by one team of horses 


“bull ditcher’ resembled a giant, 


used in digging open ditches. In its ditch of 3 ft... 
or more, depth. To avoid excessive draft, it usually | was designed to 


Kes 
construct a V- shaped ditch with | side slopes of 2 on J or flatter. This 

equipment used in the drainage of thousands of acres of prairie and 


marsh lands, principally in Northern ‘Towa and Minnesota. The writer 


used an n adaptation of the idea a few years ago i in the preliminary ditching 
of al 500-a acre tract of Louisiana “trembling prairie”, huge cypress log 
end and provided with | a stiff coulter and a pair of 


a 


mounted on a Canals had bee n dug at 


serv ed for transferring the power equipment. 


ae Except under very favorable soil conditions, the useful life of the “mole” ; 


drain did not extend | over a ‘period of more than two or three years, but the 


“bull” ditcher” proved to be a real success for its time. ‘Tn digging com- 


“paratively shallow, flat slope ditches in suitable s soil, free from rocks 
stumps, it is | doubtful if any modern machine could compete with it in its 


history of land drainage in the United States’ would not be complete 
_ without reference to the thousands of miles of open ditches still used in the 7 


drainage of the sugar plantations of Louisiana. Until: recently they were 


dug | and maintained by hand labor and this method is still utilized on i 7 


at majority of the plantations, although machine ditchers of the wheel, or =. 


endless chain and bucket type, are coming into use. Many _ experiments 


have been made in the sugar belt with tile s ‘sub- they have 1 not 


OW. B. Grecory,* ge: Soc. E. paper: by Mr. 


McCrory presents the main points | in the of modern and, of 
necessity, the author has omitted many points of local interest. alae pe ete 7 
oe i To the inhabitants of the State of Louisiana the problem of Sates: will =! 


always claim a lively interest. This State ranks s second i in the area of swamp > 
lands, the State of ‘Florida a alone having greater area. xa. The City of 
Orleans, the “metropolis of the South, is built on alluvial land, a portion of 
which i is below mean Gulf level. % Except for narrow § strips o of land along the 


“Mississippi River, the lands of Southeast Louisiana are at or near the level 


*Cons. Engr.; Irrig. Engr., U. S. Dept. of Agriculture Eng., 
Univ. of Louisiana, New ‘Orleans, La. 
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_ Under these conditions the problem of drainage by ‘pumps becomes of « con- 
siderable importance. The sugar plantations, with high lands near the river, 


were first drained by means of open ditches. Later, the amount of. cultivable 
land was extended by building levees around the rear of the plantations and = 


pumping out the drainage water. The pumps first used (as noted in the 


-paper),* were drainage wheels, modeled after scoop wheels, used hundreds of of 
years ago in Spain a and other parts of Europe. _ Th its later development these 


wheels were 28 to 30 ft. in diameter, with widths of from 6 to 8 ft. . They 


were used to pump large volumes of water through small lifts, usually not more | 
than: one-fourth the diameter of the wheel 


- One difficulty encountered with the scoop wheel was in the foundations, 
_ which were expensive and < difficult to ‘maintain. ‘With the development of 


; 42 centrifugal ‘pumps, the Ivens o or r the Menge | pump was used because of the 


a lower cost of installation, but not | because of more efficient « operation. end 
In turn, the centrifugal pump has found a competitor in the screw pump. 
The City of New Orleans i is an example of the change i in methods of pumping. S 
‘The first pump were of the scoop type, then the centrifugal, and now screw 


a ‘Practically the same changes have taken place i in the ¥ pumping of drainage 
water from agricultural lands, for while a few drainage wheels are still to be 
found on plantations, ‘there are many more centrifugal pumps 


af _ A notable example of drainage of swamp lands is to be found i in the Fourth 
J efferson Drainage | District, comprising about : 30 000 acres of J efferson Parish, 
just west of the Parish of Orleans—the City of New Orleans. _ A large part 


= of the area is swamp land, but the run-off from the high lands along the river 
is also to be pumped d by four large pumping plants, each having two units g 


_ screw pumps, each of which | is capable of removing approximately 120 000 


4 - gal. per min., at low lifts, the capacity falling off slightly at higher | lifts. Each 
| is driven. by a 330- h.p 4 cycle, Diesel eng engine. The capacity of 


the pumps is sufficient to remove a run-off of 1.5 in. in 24 hours. a aid 7 Sanit 


a drainage of swamp lands is. highly desirable i in Southern ‘Louisiana 
for many reasons, among which | be mentioned the elimination of 
4 ‘mosquito- -breeding areas and the additional area of very fertile lands, to be used 


7 as homes. _ There was an ambitious beginning of this work j in the first decade 
of the Tw entieth Century, but the work was halted by the World War and its. 


attending economic conditions. ‘With vast areas of uplands i in this section, 


that may be drained | by gravity and yet are uncultivated (although not as 


at dy f fertile as alluvial la nds), there i is little incentive at present to drain swamp | 
me lands unless they are near enough to a city” to promise returns that are not 


of a purely agricultural nature. 5 However, some economists are discussing 


the approach of era | when the ‘production of food for a vastly increasing 


E., 1927, Papers and Discussions, p. 1632. 
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State me many other sections of the South will come into its own and will 

4 drain these wet lands which a1 are among the most fertile and productive to be 


H. Gray,* M. Am. Soo. ©. (by le letter). —At the beginning of his: 


paragraph on “The Public and a New Idea”,t Mr. LePrinee states that 


attempt was ‘oils to control disease- bearing mosquitoes in the United States 


= 


__ Pioneer work was done in California as early as_ 1910, and has continued 0 


, since that time. The initiative was taken by William B. ‘Herms, now Pro- 


_ fessor of Parasitology, College of Agriculture, University. of California. Ui n- a 


der his direction, what was probably the first campaign in the United States 7 
for malaria control | through the prevention of mosquito breeding was under-— 
taken at ‘Penryn, Calif, , beginning early in March, 1910. in the same 
‘month, another campaign for the same purpose was begun at Oroville, , Calif. 


In August, 1910, Calif. began an n anti-mosquito ca campaign. The 


Los Molinos, Calif., Jin 1912, as related] by “Thomas H. Means, M. Am. 


Although these early ‘campaigns were primarily as "practical 
4 


demonstrations of the possibility of 1 malaria control through mosquito reduc- a 


tion, were handicapped by inadequate - funds, and lacked official recognition 

hrough | statute authority, they were ‘successful that the work was 3 con- 
tinued under various _ auspices, and extended to many other communities a. 


the State. Finally, in 1915 8, the California Legislature passed a bill] author- 

izing the formation of mosquito- abatement districts, and providing for funds 

through taxation of the lands benefited. At present, there are approximately — _ 4 
venty of; organized mosquito- abatement districts in the State, of which six or 


seven ¢ are primarily concerned with the control of salt- ‘marsh mosquitoes ; the | a! 


remainder : are concerned primarily with malaria control. ant 


THorNTON Lewis,** Esq.—Due to the fact that the Society is the oldest __ 
_ National Engineering Society in existence in ‘the United States, it is fitting 
that: its ‘members should be interested in very important ‘subject of ventila- 
tion, for it is not only an engineering question, but one hows vitally affects - 
the health and comfort of all human beings. © 
ontribution to the literature of this subject. well balaticed. 
“Dilomvaieadely!' only a few of the ‘men who ave’ attempted to discuss this 
subject, in recent years, have had such a a broad and comprehensive view of | 
As of fact there isa controversy raging present between what 


is Journal of Public ‘Health, Vol. 2, ‘No. 6, DP. 452-455. 
Transactions, Am. Sec. C. E., Vol. LXXVI (1913), 778, 
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Iti is not for bodies to decide this question. The 


Medical Profession should determine what is proper for: man’s health so far 
as air air conditions are concerned. Then, the duty of the engineer is to paneer 


these conditions. a Technically speaking, the engineer should not take part in 4 


the determination of what i is necessary for public health and the medical man ; 
_ should not concern himself with the method by which these conditions" are 
by the engineer. of these professions has 
a 


The ventilating engineers, however, have established a research laboratory 


y at Pittsburgh, Pa., , which is operated i in co- operation with the U. S. ae 24 


of Mines for the ation n of basic facts relating “to ventilation and 
heating. 2 This work has been proceeding since 1919 and some very valuable 
resulte have been obtained, but the end i isnotyetinsight 


In this work ‘the engineers have been ably assisted by the U. 


Health Service, which has made the physiological ‘determinations, and one of 


the results of this very fine « -operative work has been the comfort chart. 
‘This chart shows what temperature and percentage | of relative humidity gives _ 


_ the greatest degree of comfort. This has been termed ‘ ‘effective temperature” a 
‘Scientists and those interested in heating and ventilating from commercial — 


‘standpoints have been awaiting this chart for r years. This is s only the begin- - 


ning, however, and with further | operation from the Medical Profession 
till more light can be thrown on the troublesome question of — 


Ba Palmer mentions* the common standard of 30 cu. ft. of air per min.,— 


er person, | which has been written into most of the State laws governing the 


ventilation of school buildings. | ‘He states that this ] ane is ‘unnecessarily 
evere, and should be amended. Perhaps he is right. - Let it not be ee, 
"however, that it has taken years t to secure any standard of ventilation i in : 


school buildings of the various States ‘and before efforts are made to destroy 


the standards ‘that 1 have been set up, let the correct standard first be deter- ; 


The proponents of open- -window ventilation also ‘state th that the 30- -cu. ft. 


dees is too large, but they do not indicate the correct amount. ‘They : fail 
to recognize that with the method they offer, there will be times when no 


ventilation will be secured, for the wind does not always” blow. If there is 
= a . school building with rooms on the four sides, the wind can blow on only one 


or two sides, at most, at the : same time. at The open-window ventilation is not 


positive ventilation, 
prominent engineer, and an authority. on the subject of 


has compared open-window ventilation. to the old sailing ships, which ‘were 
“2 governed purely by the w him of the e wind, and mechanical ventilation to the 


steam-dr driven modern palace of the is some analogy 


ventilation, would a change in existing laws td lower. amount of air 
per person introduced into schools or other buildings where human beings are - 
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~ assembled, p provided the change was made to some standard that had a scientific — 


x Most ventilating engineers feel very much as the Civil Engineering Profes- _ 
sion would feel if | a physician came along and said that the factors of safety ; 
used for steel structures were wasteful and that, instead of 10, » some other 
factor of safety, lower than this, » was all that was” as needed. "3 he did not ; 
accompany this statement with any definite scientific information as to what ee 
the lower factor should be, the engineer would feel that it was better to adhere ‘ 
to the higher one which was known to be safe, and which cer tainly could not 
produce harm, than to allow some law to be passed that would ld reduce it” 4 


below that where the safety of the ‘public: was assured. That is the. position of 


most. ventilating engineers to-day. . They welcome any ‘scientific information 
on this subject, but they will “oppose 1 the tearing down of the progressive stand-— 


re ards already built u up until those standards can be replaced with new ones based 7 7 


on facts and not on theories. 


neers rs have ‘yet to learn how | to counteract t ion heat production of a hall fall 


of people so so that ‘temperatures : at the close w will be nearer 70 than 80 degrees.” 
‘The absorption of this heat production has boon ‘solved, not only 


in theory but in practice, and is | being used a great many ‘theatres and 
to- day. The reason” “it is not_me more generally used is that 


stem is not only to install, but also’ to The 


Bad es s found that i in summer it will pay to use this costly system to; give ‘comfort. 
7 The further use of this system is limited only by its commercial value and not _ 
by the ability of of the he ventilating or air-co conditioning engineer to ‘produce: these n 


a results. 7 In the n manufacture of many products, such as ‘capsules, photographic 
films, artificial silk, it has been found that air conditioning, even if 


nublie considers its own health 1 and comfort rt equal in 1 value to’! a manfactiared 


article will be able to secure the proper air- conditioning eq equipment to 


= 


vy he ‘speaker does not mean to sugg est by this latter statement that he d -— “ay 
=r with Dr. Palmer in his forecast of the progress to be made in ventila- 
tion; for “certainly there will come tremendous improvements in this art as” 
“well as in others. _ However, a more intelligent public opinion is needed on the 
subject of ventilation and public health and a great deal more interest on the 
. part of medical men than in the past. , It is very encouraging to see the 
Society considering a paper of this character. It is” also encouraging to 
. observe several co- operative efforts being made by members of the medical 
fraternity, public health a associations, and the ventilating engineers. It is 
only through such | ‘movements that an early of this very “complex 
‘Tn the last 100 years there have been _— changes. — Formerly, peop 
lived out-of-doors most of their lives, but now they have become an indoor a 


. Even transportation systems, such as subways and closed q 
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do not allow them to be outdoors as much as they need to be. Sti is, therefore, ; 


‘The v ventilsiting engineer needs the of the physician and the chemist 
to tell him what quality there is in the outdoor air that makes it “fresh”. He © 


can undoubtedly provide “fresh air” if he |] knows what ‘it is. # ai 


AMUEL R. Lewis,* Esq. (by letter) w writer agrees in 
Palmer, except in his statement} that: 


Wwe “The present air- -flow standard is undoubtedly excessive. This ma 

a decreased by one-half in such places as school rooms without dieeoiisbost or 


‘It is hardly fair or in keeping with: the temperate statements of the 


paper, to imply that these sentences express the consensus of 


= present- -day opinion it in regard ‘to ventilation. 


In many cases, the present air-flow ‘standard may be excessive. The a air 
vebame required is believed r now to be. governed by requirements of temper- _ 
ature and odor control, rather than by chemical or organic substances in — 


‘There te evidence to support the belief, now held by many students of. 
piers that an increase in health and comfort in school rooms may be gained 


a supply of air per pupil per minute considerably 1 less the usual 30 


Chairman, Comm. on Research, Am. Soc. Heating and Ventilating — Chicago, I. 


Am. Soc. C. E., September, 1927, ‘Papers and Discussions, p. 1643. 
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ONE NEW THEORY TH THE CENTRIFUG UGAL 
 Discussion* 


By Messrs. Ww. THOMSON Kinesrorp, 


J. W. + Ese. 
esting in view of the fact’ ‘that « 
has proved the reliability of ‘theories of the centrifugal pump. This 
novel explanation of the performance of | these pumps is possibly applicable to 
machines designed to operate in a particular v way, but it ; could not be applied — - 
to many centrifugal pumps | of very recent design giving higher 
than had been» obtained few years ago and which | show under test and 
a greater generation of head for ‘peripheral ‘speed 1 than can be 
explained by the author’s theory. Accurate 1 measurements of output and input 
energy and measurements by laboratory methods, of each of the mechanical 
; losses, including disk friction, show that i in a pump ) which is de designed through- — 
out for very high hydraulic « efficiency, the head obtained can only be 2 explained J 
the full effect of Equation: (B),t no element being omitted. Equation 
+ on the other hand, is not strictly a practical equation because it 


ai — conditions that seldom ¢ exist. at. The. author states t that the fundamental | 


the hydraulics of centrifugal pumps. He refers. to fallacies and pro- 
claims, referring to Equations (B) and that “they do not, and “cannot, 
furnish a rational b basis for the analysis and design of centrifugal pumps”. A 
very strong that he is wrong in ‘discarding mathematical 


© This discussion (of the paper by A. F. Sherzer, Assoc. M. Am. Soc. C. E., published i 
October, 1927, Proceedings, and presented at the peeting vf October 5, 1927), is printed in 
a Proceedings in order that the views expressed may‘®e brought before all members for — 
Engr., Worthington Pump & Machinery Corporation, Glen Ridge, 
it Proceedings, Am. Soc. ¢. E., October, 1927, and Discussions, p. 
» Pp. 
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The increasing commercial value of pump efficiency, by 
that are economical manufacture, resulted in a thorough study 


of the problem by the’ speaker and his a associates, in America as well as with 
4 consultants in Europe. The theory was studied in a variety of ways and 
quation (B) has b been recognized as correct. prove the theory experi- 
mentally, special pumps were designed and built, in order to deliver as nearly — 
4 as possible the theoretical head, —., reduced only by the unavoidable | slight 
rotational head of the p’ pump suction. | Some of these pumps gave a head of 7 
RE ww One pump, built in Europe, g gave a total head c= 


shut-off and practically ‘the same at designed conditions. As 96% 


‘is the that can 1 be if friction and shock losses. are reduced 


according Howev er, these pumps were costly to manufacture 
ere not suitable for the American competitive also showed 4 


instability due to their susceptibility to air in the water. 
Equation (B) having been ‘proved experimentally by pumps of “ 


design, 


a large number - of different types and sizes were e planned to include 
fe 

features more suitable for economical manufacture. Equation (B) ‘was used 
for head calculation and every” very hy draulic consideration, known to result i ine 


‘high efficiency ‘was introduced into the design. ‘The | pumps were built with 


unfinished interior water-ways ; and, when tested, they not only delivered the 
‘edie and head for which . they were designed, but gave the same shaped of 


characteristic to within 1%, or 2%, as the designer had expected. _ The results 
in these cases pointed t to Equation | (B), ), when 1 used with knowledge « f - 
4 mechanical and hydraulic losses in the p’ pump, as giving the accuracy ey obtained 
in designing electric motors. . The effect of a change in suction design | could 
also. be computed by Equation (B). . “These pumps were of the volute design : 
ofa an improved type and the volutes were of such a form that some remaining 
kinetic energy is discharged i into the discharge cone of the pump where it is 
partly converted into pressure. In all cases, the head obtained could only be 
explained by the full effect of Equation (B), ne nothing being omitted. 
funn, In the pumps referred to by the author, which have a concentric case, it 
is possible that this exit velocity component is not discharged but retained 
unobstructed in the p pump-casing and, therefore, no . power is used in main-. 
taining it, This would explain satisfactorily the difference between the 
theory and Equation (B) and between ‘efficient volute pumps and 
efficient pur pumps of the author’s design. This. could be expressed in the follow- 


H=—(, V, cos — - COS — 


when is the velocity in the concentric case and fi is a factor equal to, 


less than, unity and possibly zero, depending on the « design of the exit orifice, 
—s being subtracted because * is not allowed to leave the pump, as in a 
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is used in the design of multi-stage pumps with 
i. centric cases and permits | the application. of accepted and proved theory to _ 


bo th volute pumps if f is zero, and to pumps of the 


The author's design w will always require a greater impeller ‘Gameter than 


| that: required i in the volute. pump of good design Therefore p pumps of large ~ 

| size involving thousands” of horse- power and high head reach 

4 approximately more weight and cost than is necessary, and higher disk by. 


- stresses in the impeller. It is noticeable that the most efficient volute cen - 
trifugal pumps of certain types generate a head greater. than — throughout | 
the entire range of capacity. 
The author fails to be convincing in 1 certain respects. His illustration 
‘the hammer thrower is not applicable. 4 In a outdiegd pump there are an 
infinite number of balls, all without restraining wires and | all acting on one 7 
| another. The final energy is the integral of the infinitesimals between limits 
entrance and exit. The same error is in the illustration entitled 
“New Coneeptions of of Pump 4 Action”.* 
4 with radial grooves. in which a ball travels as s the disk rotates. 
tie is correct as regards the dynamics of a particle or a single 1 mass. Were - 


S illustration — to a pump with radial vanes the head would be 


—2. when flow occurs. In the centrifugal pump there 

full of such balls, and the total head is the sum or ee of their | 
“combined energy. Integrating between the limits of and r, and expressing 


as functions of angular rotation and radius, , Equation (B) is 


again: ‘the result, which shows the ‘shut-o ad 


4 


capacities radial vanes. The illustrations: apply very nearly 
a lawn sprinkler, but not to a centrifugal p pump. it has been proved | experi-_ 
mentally that volute or guide- ~vane, restraining water from flying 


% very” ‘high efficiencies high much 


of is to the by the head This 
that the efficiency small capacities is 100%, which is ‘impossible if the 


hy draulic efficiency i is considered. are to 


* Proceedings, Am. Cc. E., October, an “Discussions, Pp. 1780. 
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Referring to the objection to guide-vanes: are not. necessarily used 
: to reduce the velocity, C,. They have a useful function like that of a volute 
in controlling the output from the impeller. They prevent the water from 


flying out from the impeller and can do so with little reduction in efficiency 

in cases where a volute presente structural difficulties. an 
Referring to the author’s explanation of the performance o a pump 
(Pig. an entirely different explanation could be given. Equation (B) 

V2 2 2 


In th the event that, 


would explain, the The method used by the authort is 
in 


is if is. that a in the ratio of A 
Dimension will affect the characteristic curve very greatly. 


. "The ciroalar case pump, referred to by the author} has an efficiency of if 
‘79 per cent. | The commercial ‘efficiency of present- -day pumps designed for 
this condition is 77%, not 60%, as stated by the author. Its efficiency could 


_ be raised to 19% by exact workmanship in the foundry and extra “good 7 
7 mechanical ‘condition. A good commercial pump of this type does not —' 


falling off of the efficiency with increase of speed as ‘shown i in Fig. 12. § When 
there is an obstruction in the volute, the efficiency. has been found to fall 


with increased speed, as shown in Fig. 12. 


‘The pump in Fig. shows an efficiency of 78 per cent. commercial 


-_ pump, of the: same specific speed type and about the same size, is rated at 


— the case of multi-stage pumps the circular case — been used by many > 
a coe manufacturers for about sixteen years at least. 4 Impellers of the same 


shave been found to give very much greater efficiencies in multi-stage volutes. 


Much misunderstanding has arisen regarding calculations for centrifugal 
— s because old designs were inefficient compared w with later machines ip 
which, 88.5% and even higher efficien ncies have been “obtained on very ac 


Proceedings, Am. Soc. Cc. October, (1927, "Papers and Discussions, Dp. 
4 Loc. cit., pp. 1794-1795 
4g Loc. cit., 
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no basis for their value. mi is only when high are 
that the losses. can be analyzed with accuracy and the fundamental 


_A centrifugal pump, developing less head than that by Equation 
(B), is a machine that is leaving uncompleted | work and represents over- 


expenditure of material for work done. This is of great importance in very 


large pumps and might even warrant the restriction of impeller diameter, 


Large pumps, like large hydraulic turbines, are generally designed for 


high a rotative speed a as possible, with only a small x margin of safety below the - 
| peed at which cavitation would occur. end It been pr | that the design 


of the volute is important in avoiding cavitation. At very high speeds and 


heads a circular case with an orifice outlet is known to be noisy in large 


Equation (B) has a very wile: field of application and is used by designers a 


“Sid 2 
as hydraulic turbines 8, hy draulic meters, fans, ‘and blowers. In each applica-_ 


tion designers” have used their. ingenuity ‘obtain best. results. The 
speaker has found it not - only a useful and reliable means of designing cen- 


trifugal pumps, but also a means of analyzing results and. obtaining indica- 


THOMSON Esq. (by letter). +—The deserves great 


~ for the way he has handled his subject, , and for the results he has has obtained. 
The writer has. had oceasion to check ‘several pumps against the principles 
- von in the paper, and finds that the tests agree substantially with the re- 7a 

sults given in the author’ experiments. Unquestionably the efficiency found 

in pumps designed according to these principles as recorded in the paper ae 
igh, considering the pump size and other conditions of operation. ait 7 

T he author’s Fig. is particularly interesting as a comp: arison between 

two similar pumps, one of the old type | with volute casing, and the other with } 


_ the circular casing, as indicating the increased head obtained by the circular 


Dy 
design. He does not state the differences in efficiency, but presumably this a 


is in favor of the circular casing; a at hones it should be. 4 Of course, the i in- 


creased head is due to the ‘specially designed impeller and larger casing. A 


comparison between “the corresponding efficiencies would be of interest. 


bal Sanrorp A. Moss,§ Esq. (by letter). \—It i is true, of course, that there are 
‘many misunderstanding gs in ‘connection with the mathematics of. centrifugal 

. However, the fundamental equations, as usually given, are correct. 


ss. _ If they are used by any one who really understands what they mean, they lead 


correct results. The author 1 “mentions a new analysis, but he gives ‘no 
Ree equations. It is quite probable that if these detailed « equations were — 


* Partner, Kingsford Foundry and Machine Works, Oswego, 


__ Proceedings, Am. Soc. B., 1927, Papers and Discussions, p. 
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o, vanes), must suit this one condition. _ This condition is a single point on ‘the i 


"effects represents energy put into the fluid by the ‘impeller. ‘The existence of 


_ oe certain | amount of en energy was exerted to get ‘the Suis into this r region. The 


= 


_ for which computations are made, there is definite pressure due to centrifugal 


properly interpreted, ‘so: that there woud really be nothing new. ‘ 


Cabal 


One ‘item must be clearly. borne in mind, that is is, , that a set of 


inlet and diffuser inlet | (or volute angles if are no o diffuser 


pump characteristic curve, ‘presumably at the point of maximum efficiency. | 
Other points on the curve— —including conditions when the ‘pump is shut. or 
running without flow, and when discharge i is wide open—are those that appear i 


the! various vane angles are i incorrect. Hence, analysis for. these con- 
 Gtions ‘cannot be ‘made on the same basis as that where maximum e 

- - Another item that must be borne i in | mind i is that the : set of equations for 


the occurrences in the p pump apply ‘primarily to the pump impeller extending 


- from the impeller vane inlet to the impeller vane exit. : At the impeller» vane 
; exit is a circular entrance to a region beyond the vanes, , which may | be called | 


‘the diffuser or volute. At the entrance to this region and at ‘the load or flow” 


force’ acting in the impeller, and a definite absolute 1 velocity. Each of these 


a portion of fluid under the p pressure found at the impeller exit ‘Means that a 


energy. 


2. 


of energy in ‘the | author means to point out that it is 
fallacy to so consider the matter, his conclusion is incorrect. Me 


‘The author gives frequent mention of | a new design of ‘pump which he 


— 


has built and which shows signs of promising ‘results. . However, no d details are 


given” showing the nature of this design. ‘The results obtained are 80 vat 


esting that. a desire is created description of 


th Reep,* M. Am. Soo. C. E. (by 
noted that centrifugal pumps under test do not Ear lana as great a 


of 


= head as that computed by rational formulas based on the generally accepted — 


i ‘theory, which is, as he states, that for very small rates of flow the water, as 


it leaves the periphery of the impeller, has a velocity nearly equal to that 


“of the tips of the vanes and, hence, a velocity head of ——; ; and that it 7" 7 
in addition, a pressure head of the same amount, or a total head of — 4 . With 


considerable rates of flow the total theoretical head is modified by the 


Capt., C. B..C.,. N., of Yards and Docks, U. Navy Dept., Washing- 
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shape of the: vanes,  b but there is still la ‘marked difference between the 
He meets | this condition by boldly asserting that the fundamental theory, 
“which is” supported by Rankine , Church, and many other authorities, is all 


wr wrong and that for small discharges the water, as it leaves the impeller, has a 
 aeeity,, head about equal to fa: or a pressure head of the same amount, 


but not | both; and that the true theoretical maximum total head bad therefore, 


only | one- ne-half th that computed according t to the accepted theory. eed 
~ _ The accepted theory is too we well grounded in the laws of mechanics to be | 


author’s position will not be sustained. ‘With radial : 
vanes, the prevailing ‘theory considers that the water just the tips of 


the impeller vanes has a velocity approximately equal to that of the periphery _ 

of this impeller, which ean be diverted into a . volute « or guide- -vanes and con- 

verted in large part i into pressure. conversion were perfect, the pressure 


The « author does not doubt that there is pressure inside the impeller. 


aj 
This pressure will not (disregarding - friction) be lost during the subsequent 
| 


uit Tt} 
diversion | of the water ‘into the volute or -guide-vanes and the partial con- 


velocity h head and « a pressure head at all points” in the impeller. — Both 1 these 


heads: increase the “distance | from ‘the shaft increases; caused to be 


simultaneously and by the same medium, the rotation the impeller. Th 
number of the author’s original mathematical derivations and con- 


dlusions will be found to be unsound. One | is the “Derivation by 


; version of its velocity head into ‘pressure head. _ There is undoubtedly both a _ > 


“conveniently regarded as 


ignoring: all centrifugal effects in this derivation, and the formula” 


‘The difference i in the action between 1 the round ball in the: disk and the 


orce 
= y by ‘the inertia of the ball, which receives a high radial i 
™ 


: while i n the latter case the water is under restraint and is given a low radial 
city against resistance, 


The author is misled by considering that pump theory 
purely kinetic. The velocity head, represented by free radial velocity of 


the water produced by an impeller without. a chamber, is not absent, but is i a 


‘represented by a pressure head in ‘the encased of a pump. 

his. new theory three: -orifices.+ As a rational theory it 
d s not appeal. Tt implies that the head to ‘produce the velocity 
tthe entrance of the impeller v vanes is 100% lost i in passing through - the im- 


peller; that the head ‘required to ‘pro oduce the: velocity at discharge from 


* Am. Soc. C. E., October, 1927, Papers and Discussions, p. 1778. 
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‘impeller i is 100% lost in passing around the volute; iil that the velocity head» 


at the throat is 100% lost in passing into the discharge pipe; or, at cna 
cae the sum of these three hypothetical losses plus the loss at no discharge ~ 


is the total loss of head in the pump. anil The only ‘rational feature of this 
theory, which the writer can a appreciate, is that the head losses due to dis- 
charge increase with the square of the quantity discharge. , aes an empiric 
formula it seems to have much merit when applied - to the three pumps tested 


by the author. Whether it would be ‘equally satisfactory if applied to pumps 
of different: proportions | would have to be developed by fu further experiments, 


tt 


Having pointed out what are believed to be defects in the 


autor s theory, the fact remains ‘that the actual head of a pump, operating - 

~ with is ay and that this head is never 


greater er when there is a (unless the pump has forward curved 
although the conventional application of the established theory would g 
“4 


a head nearly twice as great ‘(for radial vanes). i It will 1 not do to. say that 
the difference between the head, thus computed, and the actual head is repre- : 
sented by losses in friction, eddies, ete., as this would imply that the losses 


ses 1 the 
‘were nearly 50% of the ‘total; whereas ‘tee: actual measured efficiency of the 


pump in raising” water am exceeds 70 per cent. ‘With these facts at han nd, lad 
attention is i invited, not to the established ‘theory of vortices, of which the ope 


centrifugal pump is, a modified example, but to the application 


= 
of ‘this theory to centrifugal pumps. bility, 


nt It has been noted that the actual head | developed is considerably less than wuite FS 


+ the rationally computed head and that this difference cannot all be explained places, 
as loss since it is not reflected in in the efficiency of the pump. It must then heii : 
be explained by some incorrect assumption in the application of the funda 


tion, assumes" ‘that the water leaves the impeller in a. direction, with respect, 
to the impeller, “parallel to . the tips of the vanes. - Now, if ‘the water in the 
outer part of the impeller lags” behind, if it spills to some extent over ‘the 


“te - following impeller vane, the effect would be ‘similar to bending back the 
‘impeller tips, thereby ‘reducing the ‘theoretical, total head of the ‘pump, and 


reducing, if not removing, the discrepancy between conventionally computed 
i “and actual heads. _ This seems plausible for other reasons. The water i is being 


onstantly pressed and accelerated tangentially by the vanes" as it passes 


the impeller; and hear the periphery it may escape ‘this pressure 


in part by lagging behind and passing through the periphery at a sharper 
angle than” the backward curved tip of impeller vane and ata 
absolute velocity than is conventionally assumed. ‘This would be 


the case with a small discharge, which would accord with test results. This 


‘effect would be increased by any cohesion or viscosity ‘that the liquid 


ossess, since ‘the tangential velocity of ‘the liquid just outside the impeller 
$s no doubt considerably less than it is inside. 


emp 
mental theory to ‘the actual operation of the pump. The conventional applica- piric 
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an ‘open 


really exact analysis by mathematical methods is more an ideal than a possi-_ 


bility. By making various assumptions of more than doubtful validity, it is 
quite possible to. arrive at a result, seemingly correct to any of decimal 


places, but which is not in fact. any more accurate than the assumptions on 


it is founded. Present knowledge of h; ydraulic phenomena is entirely” 


‘empirical and the resulting formulas bristle with coefficients intended to 


account for the many factors that are either unknown i in their 
not susceptible of "measurement. Such important factors as roughness 


Ya. tere 
perimeter and | shape of cross- aT ‘cannot be defined i in any physical unit of 


t help but be a valuable a 
engineering knowledge. 


Surface Curve. the flow through a transition is certain to be always 


well above the critical depth; or, in case of an accelerating transition, whether — 


it j is or not, it is the v writer’s experience that time and labor are saved, with no— z 
Merifice > beyond the appearance of accuracy, if the energy gradient be assumed 


ia. 


outright asa beginning. The hydraulic dimensions of the flume or siphon and . 


canal are. ‘supposed to known; and, therefore, the elevation of. the 


tno,” This discussion (of the paper by Julian Hinds, M. Am. Soc. C. , published in October, 
m 1927, Proceedings, but not presented at any meeting of the Society). i bs ‘printed in Proceedings 
Stee that the views expressed may be brought before all members for further ‘discussion. 


ors 


action or else a 


| 
‘ 
le : 
4 i 
4 
e 
| 
at 
- — 
| 
il 
he 
— 
ion 
— 
nan 
we 
— 
1¢ca- 
pect. 
par chosen in the light of individual or collective experience. In view of this if 
uted 
yeing 
asses 
ssure 
rper 
Lower — 
= 
may 
a 


> = 


2780 ba MUCKLESTON ON DESIGN OF FLUME AND SIPHON TRANSITIONS [Papers. 


energy | gradient above the bottom of the channel is known at two points and 
the assumption of the total loss fixes, at once, the elevation of the bottom at occur 
SS The total loss of energy in the transition is usually divided, as in the paper, ry pape 
=, we the sur 

into friction: losses, -called, and conversion losses. In both cases they a are Yeas 
really th the losses due to the formation of eddies and whorls i in the water, and the n aa 
a ‘real cause of most of these is to be found in the irregularities of the surface, and a | 
1 whether minute as-in the friction loss or relatively large a as in the « conversion | ¥ rn 

at s 


Joss. . It may be convenient in analysis to separate these two forms of the ‘th ial 
e tr 
same thing, but the writer does: not believe that they can be separated 


canal. 
experimental determinations. For a reasonably “uniform cross-section, the 
ing ve 
friction loss ina given channel can be predicted with some approach to cer- ede 
tainty; but nobody knows much about the law governing friction loss in 


- channels of varying cross- section, even when the variation follows some ‘simple 


+ mathematical rule; and still less when the variation follows no ascertainable ° 
whatever, form vy 


little is known about losses even in circular channels. 


Whateve er t the law may be, e experience closed channels" seems to show suffic; 
ciel 
a that it is not the same for converging an and diverging channels; but whether §" wast 


‘th 
these laws, if they were known, , would hold for open channels i is doubtful. 
sta 
Probably they would not, as the conditions are radically different. For this 

reaison, complicated analysis of friction and conversion losses does not seem 

as 

“4 a justifiable labor . The losses can only be calculated by a cut- and- try process. abo g? 


4 any way, and» the final result depends So much on assumptions t that it is quite er 


© ‘4 as logical to assume the losses in the first place if one has a little experience 


to guide him. _ When something like finality has been reached, there may be ” 
more logic i in detailed calculation, but it is. on is 


With the energy gradient fixed, the water surface profile follows and the Dene oe 


remainder of the process is a matter of adjustment by cut: and- try to obtain pers 
smooth curves for the sides and bottom. The first selection ofa ‘surface profile r 
may result in unsuitable shapes and dimensions, in which case a new profile Roark 


must be assumed and the process repeated. Tf a raised floor is necessary, as ‘Probabl, 
a) mentioned later, this will fix the elevation of one point on the: Bie and more velocity 
or less determine the profile; or if a hydraulic -noteh is. ‘required, it will fix be desi 
the cross-section at one point and influence those throughout the transition. —* 
“Velocity Head.—The apparent velocity head i is somewhat less than the real - _ Whe 
velocity head. a few gaugings, in which the distribution of velocity over 
the ‘cross-section had been observed, the writer has estimated that the difference aoa 


‘we may amount to from 1 to 6%, with a mean value of about 4 per cent. The —_—. 


ma 
ae law of the increase is is not known, but as the shapes of the ‘section and the bawdy 
mi Gilda velocity at various points is the last thing known, the exact law is not of Pa ae 
cm ofl importance. The writer suggests: that a mean increase of about 4% would be ae ag 
De 
- Se enough. It is unimportant in the lower velocities but more so in the he te 
a r. For a velocit of 8 ft. per sec. it is 0.04 ft., which is more than ‘the wes 


4 
total friction loss in the whole transition. at ace 
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Accelerating Transitions. —A well- designed transition should prevent the 


occurrence of harmful velocities in the canal above at all stages in supply. 

If a transition designed with sally the conditions : at full supply in ‘mind, 

the surface drop i is the difference i int the velocity heads plus whatever i is allowed 7 
| for loss, and this. fixes the elevation of the bottom at the end of the transition. 2 


BA now, conditions at less than full supply, say, at half depth, are investigated, 


ich 
and a back-water curve is -ealculated | beginning : at water level in the flume for 


that stage, it may happen that the water level thus found for the entrance to - 


the transition is far below the theoretical water level for that stage in the 


canal. _ The result i is that acceleration begins a long way up stream and scour- : 
ree 


ing velocity may be attained before t] the water enters the transition. To avoid 
this condition, it is necessary to constrict the entrance of. the w ater in such 


a way that acceleration does wt begin until ‘the transition is reached for all 7 


stages of supply. To do this absolutely for all stages s; would involve expensive | 
form work for the ‘sides and bottom, which would not be justified by the 
“accuracy, “of the calculations. ? OA notch can be designed with straight sides 
and walls, that will, in theory, be correct for any two stages and, in practice, 


vet 


sufficiently correct for all stages. ‘If the end velocity i in the transition is above 

the critical velocity | for all stages of supply, it is not very material which — 
eres stages are chosen as the bases for designing the n notch ; “the result is is a true, 


oi or very nearly | true, hydraulic: notch, and the bottom + will be at the same level 
‘If the end velocity i is below the crit tical for all stages, the two stages praaee 


be full supply and about half depth (not half supply). The resulting notch 
e 


$ will have its bottom raised above the level of the canal bottom, ‘Direct ealeula- 


tion is not practicable, and a cut-and- try process brings paneer igs more quickly. 

es the end velocity | is above the critical at full supply stage and below it 
sbtain at a loner stages, the two stages chosen should be: For the > higher, that stage 
0 


we file ‘at which the end velocity passes the « critical; and, for the lower, about half : 
pr 


rofile that | epth. There may be some acceleration i in the canal at full supply, but — 


“probably not sufficient to be dangerous. If the discharge at which the 
y> 


more velocity: passes the critical | is less: than about half supply, the transition “may 


fx be designed ¢ as a a hydraulic notch. Tn this case, a jump will develop in the 
vi 


a flume ; at the lower discharges, but that will be of no no great importance. = a 


sagas When | the end velocity | is below the critical at full supply and shove the 
| fe critical at lower stages (a condition common in n siphon transitions), the upper — 
ferent design stage should be chosen as full supply and the lower at that stage 
where the end velocity passes , through the ‘critical. _ In extreme cases the ‘notch — 
may be quite narrow : and its bottom may be depressed below the level of the = 
canal. ‘When this occurs, “uncomfortable acceleration may be expected at very 
low stages and some rip-rap may be needed as a cure. 


 Decelerating Transitions. —If the flow in the high velocity is al a 
Tess than critical tte of design is much the same as 
accelerating transitions. The length should be much greater than is necessary 


for a accelerating transitions. In fact, experience indicates that converging — 
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moderately obtuse. are used for diffusing the water shows 
tendency: to stick to the center for a long distance down stream. 


transitions: should investigated for conditions at partial 
"supply. It is ‘quite possible ; for a ‘transition that acts with - ‘satisfaction at 


full supply give strong” evidence of scour at lower stages. ‘The reason is 
that all the deceleration does not take place in the designed length, and there 


is, still an excess. of velocity remaining when the water leaves the transition. ' 

- It the flow in t e high. velocity channel is below the critical depth, it is 

_ almost impossible to design a transition | that will surely effect a smooth | 


deceleration through the critical region. oe jump is almost certain to occur; 
and as it involves a loss of head it is better to — for the loss. Otherwise, | 
‘the result may be an overflowing flume. Tin, 


Siphon Transitions. —At siphon inlets the the same general 
principles as flumes. Outlets may be designed on the same principles as 


flume outlets if the ve velocity is not ‘greater than the critical velocity for the 
“same quantity in the canal. If it is greater, the deceleration should be accom: | 
_ plished ‘under pressure 1 until the critical region is comfortably passed. — sind a | 
‘The length of the diffusing section may be shortened without sacrifice of 
petal if the flow through the Eitcincs is forced to take place along ‘spiral 
“Fines, As shown, by y Mr. F. mur Nedden,* the “efficiency y of a polished ‘cone | 
"with an angle of 8° 20’ was raised from 88.3 to 98. 9% by so doing, and it is | | 


_ probable that a similar 1 result would follow in a cone of much larger angle. If 


this is true, the same efficiency might be expected from a relatively obtuse | 


eone with spiral flow ¢ as from an acute cone with straight flow 5 


| Centre 
“Induced: Currents of Fluids,” Transactions, Am. Soc. C. E., Vol. (1916), ntral 
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A GRAPHIC METHOD F OR DETE RMINING THE 


neral STRESSES IN CIRCULAR ARCHES” ‘UN \DER NORMAL | 
wi ire LOADS BY THE CAIN FORMULAS” 
ccom: | * 
‘spiral B. F. Jaxonsen, M. Aa. Soc. E. 
Je. If 8B. F. Jaxopsen + M. Am. Soc. C. E. (by letter) real value of this 
obtuse paper lie lies in the information it affords about the relation between « = , the e 
central angle, 2 and the stresses. For ‘stress calculations curves ‘and 
tables prepared by William Cain, M. Am. ‘Soe. C.E E.,§ were quite sufficient, but 
iy +E . ‘the curves prepared by the author give an excellent picture of what happens” _ 
When either —, or 2 or both, is varied, and, therefore, they should assist 
ia the designer | by enabling him to see more quickly what may be accomplished 
a specifi case varying the design ina certain direction. The writer has 
¥ iil : found it necessdry, when designing arch dams, to plot for a limited - region — 
xinah 9 such curves as the author submits, but has never made a systematic investiga- : 
s solution a of 165 lb. per ‘sq. in., which should exist 
between. the concrete and the rock abutment. The existence of a tension of 
this magnitude between concrete and rock, however, is highly improbable and, 
; ia at any rate, something on which a careful designer would not ‘rely. The 
ir oe Er This discussion (of the paper by Frederick Hall Fowler, M. Am. Soc. C. E., pas 
hy in October, 1927, Proceedings, but not presented at any meeting of the Society), is printed a 


Proceedings in order that the views expressed may be brought before all members for — 
Cons. Engr. (La Reo & Jakobsen), Los Angeles, BE i 
Received by the Secretary, October 14, 1927 
Am. Soc. C. E., Vol. LXXXV (1922), 233; ‘also, Vol. 90 (June, 1927), , 
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o usefulness: of the Cain formulas is due to the fact that in ‘such cases esa fairly 
accurate estimate of the x maximum stress can be obtained by _ applying the 


Referring to, Fig. 14,F D B N is the whites arch, which has tension at, 
and around, Point D ‘and possibly also at, and around » Point N. a} Assuming 
that the arch cannot withstand any tension, the concrete will move away from 
the rock abutment, beginning at Point and continuing to point, 
where the ‘stress is zero. The load is now carried on the secondary a: arch, 
FE BM, and this | secondary | arch i is ‘determined by the fact that the stress 


at at Point E’ is zero, when the water is assumed to act on the are, FE. The 


actual ry is on the arc, F D, but water may also be assumed to act on D FE 


and these two loads combined equal the water load on Are F Fr. 


= 


| 


ts 


the author’ curves in Figs. 5t 12(a)$ an and it may be ‘seen 


that for any value of « = there is a definite value of the central angle 


that § gives zero stress at the abutment of the t up- -stream diss If the “central 
angle remains the same, but — is increased, tension will occur at the abutment 

i 


y 


of the up- -stream face and ehés versa. Consequently, a curve may be plotted 


from these limiting values of = - Such a curve has been plotted 


-- * “Stresses in Thick Arches of Dams,” Transactions, Am. Soc. C. E., Vol. 90 (June, 1927); 
m = 510, where reference is made to — work of L. J. Mensch, M. Am. Soc. C. E., Prof. Cait, 
Proceedings, Am. ‘Soc. Cc. 1927, Papers and Discussions, p. 


t Loc. eit., (1912, 
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g. 15 by. ew the author’ s curves. As an illustration, for Wy 


=0. 8, Fig. 

In general, it is necessary to try several secondary arches before the right _ 


is determining a constant, B, asa function of — and 2 and 

also as. a of the e limiting values, and 2 and plotting B in Fig. 
15, , the secondary arch ce can be determined Geet,’ ‘The following consider- 4 
ations les lead to the curve, B, in Fig. 15. 


180 


Central Angle 


é 

“Values of Ko = 


7 
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is EBM instead of PF E’B M. “This assumption will not intro 
duce any objectionable errors, but will facilitate the calculations. ‘The « dimen- a 
sions. of the original arch are r Ta and by as shown in Fig. 14, and the 
dimensions of the secondary arch are t’, r and Then, from Fig. 
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4 The value of A can be determined mii ‘Equation @) as soon as the dimen- am 
sions of the ‘original arch are | known and, likewi ise, the value of B be 
: A and B, however, may also be. expressed in terms of the dimensions of the } | bs 


r,’ sin 7,’ sin 


in which, 1 ris s the mean aren of the secondary arch. Dividing the firet term 


on the right- hand side of the equation sign by | 1’, ‘and multiplying by 2: Oe 


TABLE 4. _—VALUES- FOR 


0.04 ig 0.06 0.10 
— 


~~ — 

: 1.741 


«0. 
7 


* *- Equation (6) shows that Bis a function of the dimensions, x and ¢,, of 


‘the ¢ original ‘arch ‘and may be > computed as soon as ‘these are known. C On the 
- other hand, Equation (5) shows that B is a function of the dimensions, x ‘and 
oy , of the secondary arch. va Of all the different corresponding values that it 
possible to give to x y and $,’ in Equation | (5) while B remains constant, only” : 
those corresponding values of x’ and ¢,’ that lie on the limiting curve 
ta if desired. If, in Equation (5), the corresponding values from the limiting curve 


; a are introduced i in place of wv’ and gy ; a value of B is found for each set of the 


values, In Table 4,0 was assumed, by was found from the limiting 


ee in Fig. 15, and the valine: of B wi was then computed from Equation (5). ] 


0. both Fie. 12 (a) and to F Fig. 5, and 


sec 

ma 
fro 

wh 
5) are 
mo 
deg: 
min 
‘Fig 
hey 
abu 
— 
— ext 
— 
— 


essure on 


care ¢ given. Any 


et of of and determine, a in the point 
= 0.1 and 


ies on 


is] 
2 


| 
point, E, ot Fig there i is zero If, finally, the point 

limiting et curve there | is tension at the ‘extrados of the abutment 


- possibly, also, at the intrados at the crown. In this « case the theory | of the ; 


secondary | ‘arch must be utilized in order to determine the maximum stres 
i an 


s. 
This is_ accomplished by computing the value of from Equation 


then, from Fig. 15, determining the corresponding values of a, and 2 Por | Then n, 


and 2¢, is on the secondary arch for the given primary arch, and the be 


‘maximum stress, shich occurs at the intrados of the abutment, may be taken 
_ from the author’s curves, bearing in mind that the stresses found in the curves | 


ok If the con at are not as in Bie son 


"modifications may be necessary, but. the writer has found the two curves show wn 


to be of considerable value in actual design, even for very thick arches, al-— 
though for these the yielding of the abutments must be taken into account.* a 


question proposed by the author, + “What a are the stresses the 


Kerckhoff Dam?” may now be solv ed with ‘the “understanding that the ee 
mum stress found i is most likely somewhat in excess: of the actually existing 


maximum stress, but 1 will be : a god suide i in design and quite reliable except — = 
ion 900, the dimensions are 


).201 pay eo = 82° 40’ ; this gives B = 0.7154 from Equation — 


a and from “Curve for B”, in| Fig. 15, is = 0.145 and 2 $o = 
"degrees. These are the dimensions of the ‘secondary (rd can be deter- 
“mined from Equation and the m d from 


“Rig. 13 (a)$; this gives 66 Ib. per sq. in. 1. for a ft. and 62 7 Tb. per sq. in. 


fora a head of 95 ft. The stresses at the | crown ‘may be found by referring ‘Ai 


the author’s diagrams. Generally, however, the stress at the intrados of the 


utment. is the maximum stress occurring and if there is not tension at the 


extrados of the abutment, there i is no tension in . the arch; that is, ace ts 


Stresses are determined by the Cain and the of foundation 


s See discussion by Dr. “Fredrik ‘Vogt, Transactions, Am. Soc. C. E., Vol. 90 (June, 1927), 


Proceedings, Am. Soc. C. , October, 1927, and Discu 
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The author, as he states,* took the dimensions of the Kerckhoff Dam from — 


writer” discussion of Professor Cain’ paper,t i in which 1 the water 


s as considered as standing 10 ft. above the Taintor gates. s. When designing - 


4 - the Kerckhoff Dam, the writer took as the maximum possible head, that which — 


: “might come on the dam if all the gates were closed and an extreme flood of 7 
‘ about 100 000 sec- ft. was flowing i in the ‘river. The actual 3 maximum operating 
+o head is only 85 ft. on the section at Elevation 900, , the top of the Taintor gates a 
i being at Elevation 985; therefore, the maximum stress is found to be: ere we 


ott When the writer, : in May, 1919, took charge as Designing Engineer for the 
_Kerckhoff Development of the San Joaquin Light and Power Corporation, 
_ Fresno, Calif., he found a gravity | arch dam design, that would have ora 
$1 000 000 ‘to build. saving of the arch dam as designed by the writer 
$400 000, , or 40% of the total, and the stress 


_ calculations show that the factor of safety of the arch dam is much greater 


- The curves plotted by the ‘author also give information as to how the 
maximum stress varies when the central held while 


ratio, —, is varied. For for 2 = 140°, = 0.02, 0. 05, 0.10, and 


0.20, the maximum stress iets respectively, 237, , 107, 66 » and 44 Tb. per sq. in. 
for a 10-ft. head. u pods td oil 


In other {Ww ords, when — is increased 10 times, from 0.02 to 0.20, the stress 
is decreased only 5.4 times, or, the arch, — = 0.02, is nearly twice as ‘efficient | 
as the arch, — = 0.20, when the central. angle is 140 degrees. This ore 


indication of the great importance of utilizing a high strength concrete 


produend under competent inspection. ‘The writer’ experience while i in charge 


of the ‘construction of the Pacoima and Big Santa Anita Dams,§ and the 


experience . of other engineers, have shown that when the water-cement ratio is — 


kept under close control, it is possible to produce a high grade and uniform 


concrete under actual construction n conditions. The fact that the thinner arch = 


is so much more efficient than the thick arch, is bound to have a considerable: ¥ 


The curves presented by Mr. Fowler are a welcome addition to the 


: ture of stresses in arches and should be helpful in the design and study of 


_ * Proceedings, Am, Soc. C. E., October, 1927, 
_ + Transactions, Am. Soc. C. E., Vol. LXXXV (1922), p. 258. aks 
4 Loc. cit., Vol. LXXXIV (1921), p. 107. 


Loc. cit., Vol. 90 (June, 1927), p. 585. Sesains, 
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SOCIETY OF CIVIL | ENGINEERS 


DELAWARE RIVER FROM PHILADELPHIA 


Messrs. Cuarues M. -Sporrorp, Henry J. AND 


Cuartes M. Sporrorp,t M. Am. Soc. Cc. E.—This paper i impresses 


speaker as a “most enlightening contribution ‘to engineering literature relat- 
ing to the regulation rivers. The feature greatest interest to the 
- speaker is is the theory on the “constancy of mean depth” originally suggested — = 
by the late Henry Mitchell, M. Am. Soe. C. E., and adopted by various mem- 


bers of the U. S. Engineer Corps who have studied the river. 


author§ states” that» no two investigators agree as to ‘the theoretical 


formulas’ for the contraction required to produce a certain depth of channel ; 
that there still seem to be insurmountable obstacles ‘in determining 
dikes” ‘should be located ; and that, in ‘practice, it is “necessary to adopt the 
“cut and try” ‘process to permit considerable time to elapse before suffi- 


cient knowledge of results ¢ can be obtained 1 to warrant further These 


conditions make | ‘per rtinent the ‘inquiry as bed 


money retired for tests would seem to ‘bie’ so 
pared with the cost of unsatisfactory construction that such means of inves- 
tigation should be ignored only for the ‘most potent reasons. has 


Experimental work of ‘this: character has been conducted for many years 


in German universities. Ay pparently, it has been w vell worth while, judging 


wo ae, This discussion (of the paper by F. C. Boggs, M. Am. Soc. C. E., presneted at the — 
be, i meeting of the Waterways Division, Philadelphia, Pa., October 8, 1926, and published in 
October, 1927, Proceedings), is published in Proceedings in order that the views expressed may 
Prof. of Civ. Eng., Mass. ‘Inst. Tech., cambridge Cons. Engr. (Fay, 


§ Loo. ‘cit., p. i981, 
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by the fact that in recent years 8 


equipped to make such experiments, have constructed and many experi 


mental investigations made on German rivers. 


4 _ The speaker inspected two ‘of these een laboratories in May, 1926, 


7% the State Laboratory i in Vi jenna, Austri ia, and the laboratory at the a 
Hochschule « at Karlsruhe, Germany, i in both of which he found much activity. : 


on the River “Maas, in ‘The Netherlands, the Quadilquiver, in in 
and the speaker understood ‘that experimental 


also been made in this’ laboratory on certain South American rivers. In 


ecent years, a large — expensively equipped laboratory has been constructed 


sive laboratory for purpose at the Technische Hochschule at Zurich, 
tha 

Evidently, other countries Germany are alive to the wisdom of such 


_ experimental investigations. Complete accounts of the experiments that have 
: been performed in the various European | laboratories have been published. a 


toe 
In this country, no such laboratory ¢ as yet « exists, but the Massachusetts s Insti- 
tute of Technology i is seriously considering the construction of one. unt cm 


figures given for the cost of ‘dredgingt seem exceptionally low and 
uf would be interesting to know whether these figures include all charges, such 


as overhead, interest on investment, salaries of engineers and officers 


a nected with the work, depreciation, insurance, and other factors. -ques- 


ae arises, if dredging by Government plant is is done along the lower Teaches 


is ‘now done by contract? “Possibly this i is due to ‘the fact that, 


while constant dredging is required in the lower reaches of the river, the 
vor 


"dredging in Philadelphia Harbor is only intermittent. 
il anal the paper the construction of dikes, both as a means for controlling all 


It would be of ‘added value if 

method of constructing these ‘dikes ; particularly as to whether 
bulkheads have been ‘used. ‘It would seem, because of the ‘comparatively 
material of the bottom at locations, that the construction of dikes 


Considerable attention is given to the resulting 


a stant 


—— 


asa port. Port of Philadelphia is one of a group 
river and canal ports” which include such important ports as” London, Ham- > 


burg, Antwerp, New Orleans, Baltimore, Manchester, and Houston. 
- These ports, all of which are some distance from the sea, and many of which i 


‘have required large expenditures for improvements, are a among» the busiest 


in the world. Apparently, inland ports are in favor with shippers, but just 
how far the | Government should go i in the of river ‘ports a 


1927, and Discussions, p. 977. 
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‘SHERMAN ON DELAWARE RIVER IMPROVEMENT 


tures for maintenance and improvements, already exist, ‘is deter- 


mine. _ Why should the Government spend large sums in improving ‘the Pe Port __ 


Philadelphia. when considerable freight 1 passing through this port could 
equally well be shipped from Boston, for example, which is at least one day 
nearer Europe and which possesses an admirable natural harbor and excellent y 


‘It is true that, i in time vat war, interior ports are safer against destru 
tion by enemy battleships, ‘Sithough they “not much better protected 
ag airplanes. On the other hand, are more easily obstructed by 


sunken vessels and are sometimes greatly hampered by ice. Even port 
as far south as Baltimore was seriously hampered by ice in 1918. 7 If private. 


capital i is to be used in developing a a a port, ‘no one can justly protest. By the 


expenditure of large sums of private capital a self-sustaining port has been - 
developed at Manchester, England, all ships entering it proceeding directly 


past the Liverpool docks. | Even i in this case, one naturally questions whether, 


the ‘same sum had been expended : in Liverpool and upon the railways. con-- 
necting Liverpool and Manchester, it would not have been for the economic | 


J. SHERMAN,* M. Am. Soc. E.—A cross-¢ -current passing over a 
shoal area and t thence across a ‘channel deposits ; its burden of material, car- 


_ tied in suspension, into ‘the latter. No doubt in 1 the Delaware ‘River, as | else- 
IK 


where, this. is one of the principal causes of -shoaling. Movement of a soft, 
bottom in shallow waters, caused by passing vessels in “narrow channels, is” 


a constant “source of shoaling. It is fortunate that ‘there is now available 
_ complete and exhaustive studies of the tides and currents from a high source > 


ce like the U. S. Coast and Geodetic Survey, o on | which to base future operations. — 


coe In Table 1,t showing monthly duration of rise ‘and fall of tides, it is ob- -_ 


"served that the greatest variation is ( 0.22 hour # for rise, or 4. 50%, o, while it is” 
only 0. 12 hour for fall, , or 1. 60%, the monthly average being decidedly con- 
stant, despite the great variation in single eyeles noted by the author. — { — 


. further study of Fig. ot, showing annual variations in high and low 
ter, | reveals the maximum difference of 0.4 x. for low water and 1.10 ft. 


| for high water, the latter being nearly three times ‘the former. ‘a 
Table 2,§ the differences in the tidal ranges on ‘the two sides: of Del- 
aware Bay are so large as to be worthy of mention, Sisdiate no less than 1.76 ft. E &. 
at Maurice River; a large percentage of the total range. aw 


Table 3 all it. is ‘shown that high water in New Castle, Del., has been 
pa: raised 0.38 ft. as “compared with only 0.08 + and 0. 07 ft. at Philadelphia, 


Marcus Hook, Pa., respectively, and that the low-water plane at 
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SHERMAN ON DELAWARE RIVER IMPROVEMENT 


Philadelphia and Marcus Hook has raised the same amount, 


namely, 0: 53 ft. Opinions will probably differ as to the causes of ‘raising the» 


low- water plane, a a number believing that, the contraction of the river is s the 
answer. 


with contract work, even after for end marine and 


g liability insurance, items» which, it is understood, are not included i in these 


fact the 26 and 35- ft. self-sustaining near 
(‘Cherry Island, without in the the river,* as theoretical 


construction is excellent. ‘mention also be e made of the high 
of installation and maintenance of such structures. 


The author speaks of the strong opposition of shore sti ‘cut off by “7 
dike, and particular reference was made to. citizens of New J ersey stopping 
i -~ completion of Fisher’ s Point |] Dike. In this connection it “may be said, 
there i is now a demand for the removal of the outer portions of that dike and 
_ the re-opening of the channel back of Petty Island. In September, 1926, the 
War Department held a a hearing to obtain views on proposed harbor lines at 7 


this p point. te This channel would accommodate prospective commerce in “the 


_ upper part of the City of Camden. _ When n the dike was proposed many ‘years — 
ago, the riparian ands 1 were of little value; the navigation interests cut of 


_ were small ; not much interest was shown i in the project and no public body | 

wa was” charged with ‘the duty of studying the effect of the Jetty, on ‘State, or 
local interests. To-day, ‘however, with ‘the great increase in the value of 


riparian lands, a State and municipal, bodies watchful of all water- front | 


_ changes, such strong opposition would develop against the building of al 


dike that the project would probably be abandoned. _ 7 Opposition is so strong 


= to another dike that is partly completed that a provision was actually inserted 


in ‘the River and Harbor Bill prohibiting the use of any of the funds for the — 


Under Obstacle, the author states: navigability of a channel 


depends « on the governing depth of that channel”, This is now 32.7 ft, so 
near the Project depth, that further dike construction might appropriately be 


‘Under Obstacles (a) and it is observed th that where | longitudiial dikes 
every case is maintained in straight 


ss ‘ranges and, in some cases, is a considerable distance from the dikes. api 
makes timely reference to ¢ control of some piers by the munici- 


an expensive water front ‘should, “nevertheless, have those facilities ‘ond be 


assured access to a pier r at all times at reasonable rates. aa 


nahi 


a Proceedings, Am. Soc. C. E., October, 192 » Papers and Discussions, p. 1973. i 
. 1983. 
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Under the interest rate been taken at 4.50%, which ap- 


pears somewhat high. A rate of 4% or even 38. 5% | as an average of Govern 
ment borrowing over a long term of years might ‘be fairer. 


The author has ingeniously worked out a cost of 21.4 cents per ton to the i“ 


United States for the increased tonnage due to the deepening of the channel | 
beyond the actual depth of 18 ft.t While, undoubtedly, this figure is high 
compared with Northern rivers, it t probably would compare 2 favorably with — @ 


While the paper is directed to the the Delaware River 


tonnage from this s source will utilize a large portion the 


cussion. The State of New Jerse ‘believing the United States is almost 


ready to undertake construction, lias made an appropriation to begin purchase — 


PAS The author has compiled the important data and engineering opinions of > 


the best minds in the U. 8S. Engineer Corps and Staff bearing on the problem | 7 ee 
regulating the Delaware River. Supplementing this are his own | observa-— , 
tions and conclusions on certain features of the work, — His presentation of | 
‘the arguments for and against dike construction is eminently fair and un- — 
‘biased. Out of the controversy which has been waged on 
‘middle course has been adopted utilizing each method + to some extent. - Care- . 
fi ful thought and study have been given to the expenditure of the funds -com- 


mitted to the War Department, and the results achieved Justify the confidence - 


reposed in those charged with the work, | 


his and comprehensive review of ‘accomplished and 
- analysis of the silting involved, he has made a splendid contribution to the es 
_Titerature of river and harbor improvement. del 


I. Brown,} M. Soc. C. ‘E—The author is to be congratulated 


the very, complete justification he has given of the policy of placing more 
_ dependence upon dredging to secure immediate and | positive i increases in depth 


of. channel than 1 upon regulation by training walls and dikes. Not that t walls - 
_ and dikes should be neglected, but they should be constructed only as a ‘sup-— 
‘plement to dredging, after an exhaustive study of commercial 


ld 
uirem 


regulation. 
character of the bottom of the | of the tide 


6 Many engineers, not themselves engaged i in active practice of river i 
. ‘Provement, | but reading i in 2 current engineering literature of the extensive and 


expensive. regulating works constructed in n the tidal | rivers s and harbors the 


q 


> ee Am. Soc. C. E., October, 1927, Papers and Discussions, p. 198 


, Corps of Engrs., Ss. A.; Bighth Corps Area, Fort Sam Houston, Tex. 
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in the United ‘States and the greater reliance here —e on dredging for 
these improvements,, are tempted occasionally t to protest that river engineers 
in this country are not utilizing regulating works as should. | 


_ The tide and its resultant phenomena are the n means whereby the regulat-_ 7 


ing work in a tidal stream achieves its ends. mpare the usual ranges 


— 


of 15 to 20 ft. in _ European seaports with the average range of 4 to 5 ft. in 


% ports s of the United States, and it will be : appreciated that t this country could 
not expect. to accomplish the same result with the same structure. study 
tidal conditions and manifestations are ‘not a matter of s such vital im- 

» is not to be understood, however, that it is the speaker’ purpose 

j e the importance . of tidal studies in connection with the improvement of 
He believes, on the contrary, that ‘it could and should be carried out 
‘isoanie extent than it usually is. If the re results of a full and “eomplete 


tidal: study are available, the engineer can ‘prepare his project and execute 


work with greater degree of confidence in the ensuance of benefit to 


& 
part of of the paper relating to studies made upon physics and h 

@ draulies of the river* does not ‘indicate that a a great : amount of attention has 
been paid to these very important questions. However, it must be conceded 


- that | any improvement project must be based on a study of them if, the work 


is to be accomplished in the most successful manner. Failure to plan the 


} _ Improvement so as to take full advantage of the cnowledge derived from wa 
studies i is a step in the dark, which may be injurious. oat, at 
Previous” investigators only went for as to ‘endeavor to find of 


Wh 


in the width and cross- -section of the: river, based on ane 


on n empirical rather than theoretical lines, and | found | equations of ‘either the 
parabolic or the hyperbolic type. It is now generally conceded by river engi- 
neers that the law of variation of w vidth of a tidal river is best expressed by 
s logarithmic equation. Te Recent investigations show that there is a definite 
~ relation between the variation of the energy « of the tidal wave : and the width 
of a tidal river. ‘Tf the bottom be horizontal, as reported by ‘Mitchell and 
~ assumed by the other investigators, the equation is of the simple exponential 
wf form as as a function of the distance from the > mouth of the river. If the bottom 
- mi has a horizontal slope, the law of variation is more complicated, and is in the . 
hi In most estuaries and tidal 1 rivers, the amplitude, ‘the speed of the wave, 
: i. that is, its rate of propagation, and the velocity of the currents diminish more 
OF less rapidly going up stream, because of the expenditure of the energy of 


a. the 1 wave as a pure loss i in overcoming the friction | that results from the insufi- 


z ciency of the mean . depths and from the excess width of the bed, as well : as 
a from o obstacles which it ‘meets. By lessening these obstacles , it is possible not 
only to provide for the utilization of that energy for the conservation of the 


— the de cs and the velocity of the wave, but ind measure them 


aon 
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All these factors have a bearing on the 


without ] paying the in increased improvement and maintenance costs. 


_ The Artificial Island mentioned by the author* is an example. | The curves — ‘a 


a pein the range of tides in the Delaware River as given in Fig. 4¢ empha- __ 
size a a ‘marked falling off of range of tide in the period 1890- -1900 on that part 


of the river between Woodland Beach and near the upper tidal limit. Colonel 
- Boggs indicates this falling off, but gives no explanation 


of it. However, by 
reference to the same source quoted by the author,} a statement is found that — 


this change i is to be attributed to ‘the | improvements effected i in the 1 river 


apis This explanation is not satisfactory, and cannot be accepted. The dredg- 


height « of ‘tides, and the volume of ‘material ‘excavated from above 1 ‘that plane 


would not be sufficient, quantitatively, to ac account for the decreased volume of 


- flow above Woodland Beach. Some other explanation must be found. cy 
The drop i in range occurs in the reach between Woodland Beach and Dela- 


Del. . Some of the most extensive co! contr action works on the Delaware 
River have been constructed in ‘this reach. These include Artificial Island — 


¥ and the dikes connecting» it with: the mainland, and a dike running down 


his study, of the law of variation of widths, F. Flynn, M. Am. 
©. E., gives the data shown in Table 4 


area of | woo... ‘Theoretical area, op 


Measur ed ar ea Di Present © 
Te 
section in ecrease in 


as computed by deficiency in 
7881-82, in in 1916, in formula, in area, 1881 to 1916 


“4 


i area, in square 


eid ‘Tt will be noted that the greatest contraction of area is at Mile 35, near 


- the lower end of Artificial Island, where, expressed i in percentages, the oben 


nf _ channel was about 5% in excess of theoretical requirements. It has been con 
tracted to ‘its original width, and has only 80% of its theoretically 


“A contraction of this in ‘the e bed of a tidal ‘river, 


ight be restored to size, and no o material 
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> 


ould be done in the long Tun to the tidal propagation. 


Tht 

isa very very hard stiff mud which, when out by a bucket retains its 
shape and consistency. ‘The iver, therefore, has not been able to erode its 
bed and restore the magnitude of its” -eross- -section. Consequent 


energy due to this contraetion is still ‘felt i ina tidal range above 
4 


‘removal of the two dikes connect the island with the 
It may be contended that this reduction in 
as it usually “does, in a raising of the plane of mean low water i in the upper — 


e 


‘section of the river, ‘thus rendering increased depths available at. that stage 
for navigation. i is a pertinent reply, and the resultant benefit must be 


balanced against those that would follow the increased 1 tidal range, with its 

greater current velocity, and hence greater facility for eelf-inaineenaees: Ths 

 so«ilt has been predicted by some engineers that a permanent improvement — 


of the Delaware River by dredging could not be successfully accomplished, as 


there was a tendency to constancy of mean depth throughout the estuary. 
The author quotes the late Henry Mitchell, M. Am. Soe. ©. E., to that effect, om 


and also referst to the ‘recommendation of H. Ripley, M. ‘Am. Soe. 


that for dredging there be substituted a change of straight reaches into chan- — 


nels of suitable curvature by means of training walls to secure depths suitable 


The very satisfactory “results: that have been obtained by, dredging 


edging are 
iia refutation of adverse predictions on that score, and Colonel Boggs 


indicates the many serious practical objections toa sinuous channel. — From a 
theoretical point of view the i e increase in constant mean depth thereby obtained, 


result in ‘increased amplitude, speed, and velocity of the tidal wave, thus 
_ enabling ‘the river to maintain the increased depth, when once obtained, by 


reason of the improved tidal conditions. There is, however limit beyond 
which tidal | conditions can not be improved, and artificial maintenance will | 


have to ‘suffice. ‘It is not known at the present time where that limit i is. - 


between straight and sinuous tidal channels, theoretical as well as as prac- 


tical considerations lead to a preference for the former. There i is less friction © 
and, consequently, | less loss of e1 energy in a hang yp than ina sinuous s channel, 


that t is to be sought. The principles enunciated M. ‘Fargue relating to 
curvature and depth of channel, apply to. ‘streams flowing in one 
but not at all satisfactorily to tidal streams. One of the | greatest bends on . 
the Delaware River, that just below New Castle, Del., is not accompanied by 


_ perceptible deepening, and the channel lies on the convex oes in 


r has touched upon shoaling as a result ot of 
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showing the points where there is such a lack of ‘and ‘hed indi 
the comparative amount ‘and cost of maintenanve dredging 


at such places as ; compared with the same amounts in channels more suitably ' 
conditioned. It is the general impression that the larger ‘part of the 
maintenance dredging is now done on a few bad places, perhaps not to ‘exceed 
six. If that is a fact, it indicates the 1 necessity of such a tidal study a as herein 
referred to with a view to finding | means of eliminating those conditions. a 
“y Summing up, the speaker’ s views are, re, that the gener al ‘policy under which 7 
the i improv ovement of a Delaware River i is s being done, i is correct, , and is based 
“the le locations of channels and of Gneluding ‘disposal 
in the bed of the river). detailed study” of the conditions of tidal 
pr opagation in the river might have prevented some of these e errors, , and might | q 


4 now enable them to be corrected, with a strong, probability that maintenance _ 
costs could thereby be lessened, and future e errors largely avoided. 
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“TRAFF TC ¢ CONTROL 2B ELECTRIC SIGNAL LI 


‘By Messrs. a CaRMALT T AND P. 


Se 


st M. Am. Soc. C. E.—Like | all papers on this s subject 
by those who have had practical | experience in handling “traffic ‘matters, “a 
of ‘Mr. Eldridge is a valuable. contribution. The magnitude of the 


-uhder discussion, however, is such that ‘conclusions which are not of general 


application | should not be e adopted as. final even if it is assumed 


Mr. Eldridge does explicitly state) that they are successfully applied in 


Ee. The writer has to disagree with Mr. Eldridge’s conclusions as to the amount — 
of, responsibility to | be placed on the pedestri ian. ¢ I In his discussion regarding 7 


1 use of the amber light, Mr. Eldridge ‘recommends a cycle in which the 


amber light is omitted after the red and retained after the green. In this the 
heartily agrees, but differs | decidedly as to the length of the amber 
"period. A 5- -see. interval will most certainly not give ample protection to the os 


» except under certain rather limited conditions. 


The ordinary pedestrian walks at about a speed of 3 miles per hour and 
this i is reduced in a crowd. There is also” always a considerable percentage | 


of those, who from age or other reasons, find it difficult to maintain even this 


rate. Four ‘miles | per hour is a hurrying pace and cannot be kept up unless ~ 


there is. ‘freedom, to. move straight ahead without having to consider foot 


obstructions, such as rough surface, ear tracks, curbs, ete., or moving -obstruc- 


tions, such. as other pedestrians 01 or vehicles. At street crossings where traffic 
is busy enough to require signals he has all these to contend with and, in addi- 


tion, he is expected to keep an eye on the signals. Therefore, a pace of 3_ 


discussion (of the paper by M. Eldridge, Assoc. Am. | Soc. Cc. E., 
at the aay of the nh ly Division, New York, N. Y., January 20, 1927, and expressed, 
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our is as much as can be — of p 


Contrast this v with what i s allowed for Mr. 
a of 20 ‘wiles per to a ‘Proper t time interv val for 


in dideubaion, gave 75 to 90 ft. of Pennsylvania 
with a second or two to spare for being within 50 or 60 ft. of ‘the ‘crossing 


when the amber light is flashed. Table 1 will show more clearly the: time | 


needed by the two classes for different strec street widths. 


_ NuMBER oF SEcoNDS NEEDED FOR CROSSING. © 
~ At 8 miles per (41% ft. le. j At 20 miles per hour (30 ft. 


7 


In other words, Table 1 shows oe the eee has the advantage in speed 


in about the ratio of 7 to 1. sini 


In the discussion following the Eldridge’ paper, the author 
4 atement “that it is just as important for the pedestrian to know, 
“the time limit as it is for vehicle [driver]”. The writer disagrees: with 


this because, granting equal responsibility for pedestrian and driver, the time 
interval: (that is, the number of seconds) is not what controls the driver ; cer- - 


oe not outside of Washington, and it is doubtful if even, there one driver 


in a hundred ‘ean give it ‘correctly. He does know that there is a cycle of — 

2 green, amber, red, amber; and that, when proceeding on the green, he must | 
i _ clear any crossing before the following amber goes off. He also knows that 
with permissible speeds he can cross any street in ample time if he is within, 
BO to 60 ft. of the crossing at the moment when the ‘amber light flashes. - AD 
ihe has to keep in mind about the lights i is whether they are for or against | him 


as he approaches, and watch for the change. 
_ The pedestrian, on the other hand, | knows. that if the amber light flashes 
on. n after he has stepped from one curb, he cannot ‘reach the opposite 

soon 
to except on very narrow streets, before the red light will be set against him and 
a a 2 that the vehicles on the cross street will have the right to start across his path. 
= On “narrow roadways, less than 3! 30 ft., he may have the time, without undue 
“hurrying; for if such streets carry a heavy enough traffic to justify signal 


lights, the of vehicles is necessarily ‘slowed down to. considerably less 


— 
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than 20 miles p per hour. Therefore, when a . a pedestrian starts: to cross a street 
with 1 the signal in | his favor, he has to make some calculation or guess as to 


how much of the green period remains and make his own determination as to : 


whether it is ‘sufficient, together with the amber period, to cross with safety. 
‘The burden of this mental process, which is not required of the driver, not 
only i is placed on those who would suffer most in case of a collision with a a 
: vehicle, but is required of a mass of people who cannot be expected to have | 7 
- the necessary reactions to changes in the colors of the lights unless given a 
_ training in the ‘meaning and use of traffic signals somewhat ‘equivalent to 


“clearing the crossings, requires giving g him sani rights, ‘and this is not done 

7 he i is given only the same length of time for this purpose as is” given 1 the — 

driver. Knowledge of the number of seconds in the periods is beside the mark, © 

_ whether required of the driver or of the pedestrian. That is a function - 


those who control the traffic and should be determined by study of actual | 
- conditions, not only at each particular crossing, but « also in relation to those — 
other ¢ crossings along the e routes in the vicinity. In this. connection, Mr. 


in the report ‘the Second National Conference on Street 


recommendations for “ “Traffic and “Regulations”: 


eities ; should be instructed, urged and required to keep 
within the boundaries of safety zones and. ‘crossing places and, when 
there is congestion, to cross only with the traffic. Motorists should ‘be re- a 
quired to accord pedestrians safe and dignified use _of such safety zones and 
crossing places. _ Pedestrians as well as motor vehicle operators should be | 
required to obey the traffic rules and regulations and should be 


s: (a) Vary the the amber light that 
the average pedestrian cross the vehicular lanes; and, 
_ where this would require an excessive length of time, establish isles, or zones, ei,” Ms 


of, safety i in the center of the roadway, permitting the pedestrian to cross the 
This) would give due consideration to the rights, convenience, and safety ata 
¢ of each class of traffic. 7 As 8 stated, the actual time periods are a function of 


local conditions. _ They should be founded, however, on the principles m pas 


P. GoopricH,* M. Am. Soc. OC. - E.—One dificuty in trafic control is 


‘the cost of f installing the system. . Mr. Eldrige has mentioned the need, at the — 


Cons. Engr., New ‘York, 


Yo 
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ON TRAFFI 


time, — running a separate cable from central control point to 
ach intersection. A patent is now pending for a scheme that will require 
_ only one pair of wires from the central station to any area. The remainder 
of the plan, w Ww ith reference to the change of lights, to the interposition of a 7 
fire signal system, to an all- night flashing—amber, for example—can be 
arranged ¢ over the two wires from the central ‘station. at 
From some experience arranging traffic. control ‘systems and 
- traffic problems i in various cities, the thought. has occurred to the speaker that, 
- a great many cities, too x many traffic, signals are being installed. it Doubtless _ 
all have had the experience that they ¢ can get along the street faster without | : 
a policeman than with one at an intersection. ott dour 
andl In one city, in which a great deal of work has been done and where traffic 


signals have lately been installed, the speaker has found that he could p progress | 
— of accident and without | any trouble of any other kind — 


In other words, the fad to- is traffic signaling. seem that there 
_ should be some criterion as to when a signal should be installed at an inter- 


section. The following is sug ggested When the benefit to the community 
; ~s (to the tr raveling public primarily, y, of course), is greater than the loss involved ; 


ota the operation of the signal system, then install it. After it is: 


installed, if any signal is going to decrease traffic (for example, stop a series _ 


of vehicles whether or ‘not there is any cross. traffic), then that particular — 
signal should not be oper ated at that time of day. 
hb other words, do not install until there will be some e benefit i in _ reducing : 
' accidents and in reducing the total delay ‘caused by congestion ; and do not 

operate unless that same criterion ean be followed. it is believed that will 


very largely reduce 1 the cost of in installation and 1 the | cost of operation; and, 


at the same time, it will benefit traffic, because it will not stop it when unnec-— 


to do so and will expedite i it correspondingly. wht 


2802 C CONTROL BY ELECTRIC SIGNALS [Papers. 
‘bie 
att 
el, 
ik 
‘ 
| 
30 
— 
wee 
— 
“both 
proj 
4 bad 
— 
post 
ag 
4 4 ulti 
tior 
ther 
— } tor 
ox 
+ Rene or 4 
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Messrs. Frank M. _JoHNsoN, Henry J. Suerman, M. Bowers, 

Ropert H. Tate, ann E. A. Van DEUSEN. 

Frank M. Jounson,t M. Soc. C. E. (by letter). +_TLand 

both political and private, always have played a part i in the material develop-— 


ment of nations, and by reason of their function in defining and protecting 
_ property have contributed ino a *broad sense to the ultimate learning and 
of mankind. ‘The author presents" this truth against: a historical 


i posterity if scientific consideration in larger measure had been in 
the beginning to the political sub- division of the United States and the earlier 


Colonial Boundaries. —If more extended engineering study had been made — 


in selecting the limits of the major political units in this country a more 
_ scientific -ordination of administrative, commercial, nd industrial effort, 


“of failure and s success, ‘regulated by ‘the economic stress of the The 
boundaries of the States and Terri itories “were essentially con trolled by, and 
wholly to, influences: quite unrelated to engineering considera- 


tions. The form of territorial acquisition, the conflict of indefinite original 
boundary descriptions, and the uncompromising ‘requirements of National 


expansion, factors that largely determined the jurisdictional limits i in the 


aq ritorial dominion created by the vague and i incongruous boundary descrip-_ 7 


ai a * This discussion (of the paper by C. T. Johnston, M. Am. Soc. C. E., presented at the 
meeting of the Surveying and Mapping Division, New York, N. Y., on January 20, 1927, and 
-— Bpreed in October, 1927, Proceedings), is printed in Proceedings in order that the views 
may be brought before all members for further discussion. 
S. Superv. of Surveys, General Land Office, Interior Dept., Denver, Colo. 
eceived wet the Secretary, January 20, 1927. 
1A 


tions of the royal grants of territory in America, to appreciate the weight 
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«JOHNSON ON BOUNDARY SURVEYS 


contending in the settlement of matters, Tt is “doubtful 
at’ _ whether, in the original Colonies and States, engineering consideration | could 
have played any appreciable part in the fixation of their limits. Probably 


not, | as decision in each ¢ case rested largely on the legal construction of the 
origina charters, supported | by ‘such collateral evidence as ¢ existing sovereignty 


P "surveyed on the ground by two ‘eminent English ¢ engineers and astronomers, 


was first determined as to location and type by a British ‘Court of law. pt 
+4 In a 


fe) 
boundary definition day when a “conqueror with an army at the 


gates of a city r dictated without restraint the limits of the enemy territory 


he intended to acquire, to the: modern jurisprudence of ‘political treaty or 
covenant arrived at by duly authorized commissioners and formally ratified — 


e supreme law. of the 
ast land. Tt: may be said ‘that for 100 3 0 years: or more, in 1 the settlement of inter-_ 


os 
national affairs involving boundary lines to which the United States has been 
oe party, the best scientific | as well as legal and. economic thought of the day 

has: been employed. ‘Boundary Commissioners themselves usually have 


been, as a matter of course, men of repute, trained i in international law and — 


 iteeang as ‘the fixation. of a a common line between nations Taises many 
major problems National intercourse and human rights. The strictly 

engineering features of the final Position the m meaning of the 


the covenant entered into by this aig and ‘Great Britain, J uly 92, 1392, 
the supplementary convention of February 8, 1894, this country, owing 
to the obvious impracticability, of making an acceptable demarcation of the 


coastal boundary between Alaska and British Columbia, made extensive 
ll preliminary surveys in the field for the purpose of securing enough informa- 


tion to permit intelligent consideration by the Joint Commission of the 
question of the Permanent Tine between ‘the countries. Scientific effort 


Western ‘State Boundari ies. different controlled the selection 
of ‘the State and ‘territorial boundaries in the western areas of the United 
: States. ¥ The Government exercised paramount jurisdiction over ‘the “public 


ES domain, which was encumbered with no condition except that it should be. | 
held and used and ‘disposed of for the common good of the nation. ‘The 
newly acquired territory, at first. that of the Louisiana ‘Purchase and, later, 

the Mexican and other cessions, was wat, into territories 


ond material warranted, were into States with definite 


limits. Boundaries so fixed were necessarily designed to meet the 


a of a precise and urgent economic demand at times when accurate a 
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JOHNSON ‘ON BOUNDARY ‘SURVEYS 


were— scientists or were accompanied by scientific staffs, definite only 
as to limited areas or routes and were inadequate in themselves as bases for 
any y comprehensive plan of political sub- division. — Moreover, , development with 
get 
the discovery of gold was so. rapid and far- flung that even if the country 
had been awake to the full ‘significance of jurisdictional boundaries, it is 


“questionable, in view of the practical requirements of the fast- growing com- 
munities, whether any more extended ‘program ¢ of “scientific study of the 
subject would have be been either or desirable. 


As it _was, Congress fixed the Ww estern State boundary lines from time 
to time with consideration of such information as it had before ‘it, supple- 


q "mented by the representations of the applicant jurisdictions themselves. 
one familiar with the history of legislation ‘must know conclusions 
were not easily y or hastily reached. ‘The advice of Government and aly 
scientists was freely sought. In most instances boundaries were fixed alon 
= of latitude and meridians of longitude, a course which might morsel 
to the conclusion that the influence of Jefferson’s carefully devised and 
~ strongly advocated theory of rectangular States was still felt in later boundary — 
deliberations. Although | his theory was never adopted, its corollary, the 
scheme of rectangular ‘surveys of the public lands ‘was 

Lines were surveyed and monumented on the ground as material expansion 
the olde original boundary surveys west of the } ‘Mississippi, with 
— few exceptions being executed by s surveyors and astronomers, in accordance 
_ with the accepted standards of scientific procedure of the time, pa wal contract | 
with the General I Land d Office. | In comparatively recent years other linear 
boundaries, 5, were SI surveyed by engineering agencies of the Government. ‘These 
om may be called “original” | boun ndaries i in the sense that they were fix bell, in 
whole or in part, independently of earlier incomplete or erroneous -demarca- 
tions ms of the same boundary. The ‘geodetic line between ‘California and 

Nevada was establishe d by the U. Coast and Geodetic Survey in 1893 to 

1899, and t the boundary between and Montana the Thirty- ‘Ninth 

Meridian was surveyed by the U. Geological Survey in. 1898 to 1899. In af 

this ° type of re-survey there also might be included the Texas and New Merieo 

e Boundary, f fixed by commissioners authorized to act for Texas and the United 


will be conceded that, from the ‘viewpoint of National and 


"political val values, _@ more | equitable distribution « of territory and natural wealth 


among the. States than the existing plan affords, would be. desirable. 
truth is particularly obvious from the viewpoint | of some of the States them- 
selves, and applies in some ‘measure perhaps: to every political jurisdiction i in 


world. Existing: boundaries, however, are “not apt to change except 
in of future sub-division of some of the larger States. “Like the 
ey ‘Streets of an ancient city laid out in relation to an enclosing wall which long we 
disappeared, they continue ‘to serve the original | purpose in a modern 
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From the viewpoint of scientific field procedure under the existing 
boundary line plan, the - results quite naturally would have attained the ideal 


if it had been possible, throughout the past century, to > have referred State 
- Hines to the first-order triangulation of the U. S. Coast and Geodetic ‘Survey 
‘ on the North American Datum; and to have employed in their establishment 


_ the refinements of technical procedure now in general use. As 3 it is, many 
_astronomically established State lines are defective in. varying degree i in posi- 

tion and bearing, due p artly, if not entirely to station error. Moreover, dll 


7 few of them are lost or obliterated i in parts. All such lines, 8, when once estab- 


lished and accepted by proper authority remain, in the absence of joint action 
_ by Congress and the interested States to the contrary, | the boundaries of the 

‘4 jurisdictions to which they pertain. . They may be materially in error in 
position, as disclosed by suits before the Courts over the latitudinal 
between Virginia and Tennessee ; the ‘meridional line between Maryland and 


West Virginia; : and, i in lesser degree, the Thirty- -Seventh Parallel of North 


over 


a Latitude between Colorado and New Mexico. Such lines, however, are not 


subject to change. The Supreme C Court holds that, wal 


“Governments (states) as as bound the practical 
line that has been recognized and adopted as their boundaries,” and, further, 
that ‘ la a pense ses between Governments (states) which has been run out 


/ 


long course of years is ialuerte, even if it be ascertained that it varies some- 


Present- Day Problem — —It is apparent, therefore, the present-day 


‘problem in regard to State lines is one of restoration where need be, and of 


‘preservation of existing legal boundaries, rather than o one of their re- adjust-_ 
ment to true position, however desirable such a course might be from the — 


purely scientific ‘standpoint. Substantial “progress is being in this field, 


although there is yet room for a more thorough : appreciation of the importance 
of the subject on the part of local authorities of many of the Western States. 
‘Tt is well known that sections of boundary lines crossing isolated stretches 


of desert and ‘mountainous regions have become practically obliterated, and 


because of the ‘apparent absence of necessity for any ‘pressing jurisdictional 


action in their vicinities, _ have been neglected or forgotten. The discovery 


of litigation 0 over property small fraction of the Court: 


would have p paid for re- establishing | monuments and maintaining the line. 
Periodical boundary line inspection and report, as practiced in some of the 


all Eastern States, should be adopted throughout the country and rigidly enforced 

ae From the I Federal viewpoint, the engineering agencies of the U. By: Geo- 

S| log ical Survey and. ‘the General Land Office, i ij n the interests of administrative 
have retraced and re- -established, in large’ part, the bound- 


; while ‘smaller Segments are: being restored 


Leet 


common between 
States in suits: in equity, | the Supreme Court the ‘United States 
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SHERMAN ON BOUNDARY SURVEYS 


of pre ite boundary from the ranks of cadastral, 
geodetic, and topographic engineers, has made a notable record of scientific - 
achievement in this field and established a most ‘gratifying to 


which there i is a record, showing natural and artifical features of a given 


connected by ‘roads, “now and it is generally believed ‘they ‘used 
an instrument like | a plane-table for determining their alignment. if “However, 


a Romans came into | power. It “Te is that in B. ©. the: Chinese 


‘possessed a a crude magnetic compass, but historians do not know their method - 
of linear measurements, reproduced their “field work” 


a i cadastral s survey for aia was in use in Babylon i in the ¢ age 0 of Sargon 
of Akhad, 3800 B. S.. In the British Museum are a series of circular « clay 
tablets ‘dating about 9300 2100 B. which contain surveys of land. 
"indicates in a crude manner, Lower Babylonia enclosed by a “salt-water — 
ae The ancient Egyptians in the days | of Rameses IT (1300 B 3. C.) had pre- 
pared ¢ a cadastral survey of their country, showing the = of pillars that 
separated the nomes and also the boundaries of estates. It. was on a) map 
of this character that Eratosthenes (276-196 ©.) measured the distance 
and Alexandria for ‘determining the length of a degree, 
which the has referred.+ Apollonius, of ‘Rhodes, s successor to 
Raion as Chief Librarian at Alexandria (196 B. C.), states in his — 
“Argonautica” that the inhabitants of Colchis, ‘descendants of Egyptian 
onists, preserved tablets on which land, water, roads, and towns were shown -. 
4 'Phese are a few additional historical facts, in ‘connection ith 
veys: and ‘maps, which may be.of some interest, but boundary surve 
country are of more e immediate importance. A system for the severance 2 of | ; 
the primary land title into individual ownership, which is believed to be | 
unique, is that of the surveys, or grants of land by the Proprietors of New 
J ersey, an organization still extant. Some early history that led up t to the 
In 1664, James, Duke of York, granted the territory of New Jersey to 
ord J ohn Berkeley and Sir George Carteret, J ames having acquired it from 
Charles: the Second, his. brother, in the « same year. In 1669, Carteret and 
Berkeley. agreed upon certain concessions, and Philip Carteret was appointed | 
Governor of New J ersey. He was given power, with 1] the advice of the 


cil, to g grant lands to all such as were entitled thereto, exercising his | preroga-_ 


tives for a period of 11 y ih gut: devel sites 


+, As 


Tie Cons. Engr., New Jersey Board of Commerce and Nav.; “Cons. Engr. (Sherman ‘aa 
_-- ¢ Proceedings, Am. ‘Soe. C. E., | October, » 1927, Papers and Discussions, p. 2013. 
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SHERMAN ON BOUNDARY SURVEYS 
In 1675, mae Berkeley sold. and conveyed his half en of New ew Je ersey sey to 


‘involved in financial ‘difficulties and "deeded his interest o William Penn, 


‘Garwin Laurie, and Nicholas’ Lucas, as Trustees, : for the benefit of his cred- 


rs. These Trustees agreed u upon a division with ‘Carteret. _ The Trustees 
Proprietors and John Fenwick, who set up a for a tenth part, took 


4 the western division, knows | as ‘ “West New Jersey” , and Carteret, _ “East — 


ersey”. It : is quite generally believed that Fenwick asserted his right. t to. 


tenth part for holding title in trust for Byllinge. What follows refers’ par- 


ticularly to” the Province of West New Jersey. st The territory was | divided 
: into 100 shares, Fenwick receiving 10 shares, which were set off in the vicinity 

Salem. The Trustees sold enough land to satisfy Byllinge’ creditors, giv- 
ing him the remainder ar and making him the Chief Proprietor. 


Under is known, “Concessions: and eements of Proprietors, 
in 1676, commissioners 


were alia, whe: “care: for “setting forth and ‘dividing 


all the lands of said province as be already taken up, or by themselves 
~ shall be taken up or contracted for with the natives”. A plan for the | 

“expedition” of laying out land “to be planted and settled upon” ' and to 


mark the same in the Register and upon some the trees, ete., was also 
‘suggested. was also provided that | surveyors by the Proprietors, 
or Commissioners, may survey all lands” as shall be granted f from any = 


of the Proprietors to the freeholders, planters, o or inhabitants, and a particular 
tenor thereof to certify to the Register and be recorded. Thus, it would 
sett that machinery was constituted for surveying, returning, and register- 


OS Fee Council of Proprietors was lenis in 1686. It was difficult for 


the 


“ ‘the Proprietors to travel long distances, s so they decided to meet annually and 


a elect nine to represent them; five from Burlington and four from Gloucester. - 
is believed that the Proprietors generally met to pass on the early surveys, 
# a8 the records show tha that surveys were ordered returned at the next “Cort”. 


Directions were evidently given in these early days. Council. 
a Surveyor General. ‘The procedure to secure a grant toa survey was as 


follows: The “‘Couneil. of ‘Proprietors issued a warrant stating the acres of 
ee < on the strength of a proprietary ‘share or on a void survey when John 


Jones “ “eraves” warrant: to. Having this, an order w was 


4 issued the Surveyor Gener al to one of his “lawful” deputies. A The deputy 
madera survey the outbounds and furnished a description of it, which was 


~ known as a “return” , and a map to the Surveyor General who inspected the 
survey, proved the calculation, and corrected any errors he might find. 

bat About 17 95 to 1800 , owing to gross f frauds, boundary calls were eliminated, 
aad surveys since then depending on a full and complete description « of the a 


beginning corner only. ‘This: step was taken despite the fact that boundary 
calls have been given precedence over distances since the beginning of survey 


descriptions. T he Proprietors discovered that ‘Deputy Surveyors were pur- 


_ posely short in the calls. oP iid 444 acres actually contained 25 000 
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ON BOUNDARY SURVEYS 


acres. | rT One of 650 « acres was divided into 35 equal lots, a single lot containing 
al 000 acres. In another er survey retraced, ‘the lines chads four times as long 


= the calls, with all the corners marked, thus making the area sixteen times" 


é that for which the Proprietors were re paid. od 
Bi It is unfortunate for those who are obliged to retrace these ancient surveys:  « 
that, boundary calls were eliminated and dependence placed on the | a 
_ corner only, since the } prominent objects to which the beginning i is referred 


are frequently destroyed. The Board of Proprietors is still meeting 


ery the powers of Government. In 1702, 

function, but did not undertake to give up the lands under water. ‘Until 1860. 
active ‘ownership of lands under water was “assumed by the Proprietors, 
grants of oyster grounds were made by them. 


_ While the Proprietors feel that their title to lands vaere tide-ws water iota 


be recognized, the U. S. Supreme Court has upheld the State’s ownership as 
the successor to the Crown. | It was not until 1851, however, when what is 
known as the “W harf Act” was passed, that the State undertook to assume 


any general control . This Act, as the title implies, 4 “authorized owners of 


land - upon > tide waters to build wharves in front of the sam ne”. Legislative © 


grants giving individual owners certain areas were made as. 


1869 by Legislature, the ‘the riparian lands 
was placed i in the hands of Commissioners appointed by the Governor. : ‘The se 


Wharf ‘Act as applied to the Hudson ‘River was repealed the same year, but 
ow was not until 1891. tha the repeal was made operative. over the State at 


large. As funds provided, the Riparian Commissioners had surveys 


“made of the high- -water line, beginning with the most valuable water- fronts. 
After these were plotted, exterior lines for solid fill ‘and open p piers were estab- 
lished, care being taken to keep these lines well inshore from the navigable 
channel, and where United States Harbor lines were “established, to conform 


there - lines sometimes were fixed by distances from the high- — 


“es a 
Ting ut more generally dedicated streets or roads” above high 
riparian owner esha: to td or lease, the e State’s s title must furnish 


q _ description of his property, evidence of title, and a survey showing the high- ’ 
water line as of the date of the application. — ~The Board* fixes a price per 


al 


foot based on 1 upland values. present, these p prices range from a minimum 
of $1.00 to several hundred dollars yp per linear foot. If it | be leased, the owner _ - 
1% of the capital | sum, semi- -annually in advance. the applicant 


- desires ‘to purchase and the rate fixed be accepted, a deed, or | grant, convey- _ 


ing the State’s title is prepared, signed by members of the Board, approved 
the Governor, the State seal attached, anid attested by the S Secretary of 


*In 1915, all the water-front interests of the State of New Jersey” were combined in 
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SHERMAN ON BOUNDARY URVEYS. 


In administering the riparian allowance has always 


reclamation between high and low water prior to 1869 under “common law” © 
. rights: as well as improvements 1 made i in n compliance v with the Wharf Act. — a 

The revenues received from sales, leases, licenses, ete., to J une 30, 1926, 


‘Grants ‘saa’ bax $9 348 719. 97 


Leases (capital sum)..... 


‘Qoe Under the Constitution, the income from this fund is distributed among > 
“Si fixing the direction the side lines of a grant under water shall take, — 
what i is known as the Massachusetts Rule is ; generally follow ed; ds that j is, , where 
the: shore line is practically straight, - the lines shall be at right. angles to it. g 
— In fixing the side lines in a cove, the length on the exterior line will be shorter _ 
ae than that. on the high- water line and a frontage for each owner « on the exterior 
ee must be made proportional to his length on the high-water line. . Simi- 


an owner on a headland will be a ‘greater frontage on the exterior 


ine along flat beaches subject to 


become valuable. A land owner of the ripa ‘sell- 


ie: ng such property, ‘should keep an accurate record of the high water, being 
- ¢areful not to sell a parcel intersected by this line if it desires to hold the 
front. Good practice has led to tide- -gauge readings over considerable 
cy is period to fix the height of a mean high- water line, from which a contour — 
could be run over the desired territory. This is very satisfactory march 
te or ¢ other land not subject to erosion and accretion, but in applying this method 
toa ‘sandy beach where a single storm 1 may lower it a couple of feet, « one must © 


a Locations of the threads of streams: when once determined, should be fixed 


pes 


courses ‘and distances tied into shore points by closure, ranges, or other 


method ‘permitting accurate -retracement. On narrow streams where the 
c ‘lands are sufficiently valuable to permit accurate work, a base line tied into 
*. aa shore 1 lines should be run n and a closure made. _ From the base, locate both: 
banks carefully; plot them ona -seale not less than 200 ft. to an inch, pre- 
larger; lay ¢ courses the averaged middle, scale the 


rrors in the watercourses. 
Where a stream boundary has become pert: of a the has 


filled with silt, ‘the original outlines may ‘sometimes 1e8 be ‘retraced by 
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bution by insisting pee must determined accurately if - 
@ are to be insured, and their attitude has helped the land surveyor in educating 


the: public to a better appreciation of the value of good sv surveying. 
_ The boundary line between New York and New Jersey in the aa 
River, Staten Island Sound, Kill van Kull, New York ork Bay, and Raritan Bay, 4 a 


has been definitely fixed since 1889 by | shore ranges s and under the law these 


must be examined every three years, making such replacements, repairs, etc., _ 


as may be necessary to preserve the range lines. If Texas” and Oklahoma > 
= fixed the division line in the Red River bya: 2 a similar process, how much a 


‘ee Professor J ohnston speaks of ‘the improvement in laying out s sub- divisions.* 


“Here, 1 again, the influence of the title company , has been felt as ; well as” that 
7 of Cities should insist sub- divisions conform to 


system: by City, which must necessarily disregard individual 
boundaries. 


The author well to ‘emphasize the of securing the advice 


% 


of technically trained men for commissions having. to do with | the fixing of = 


boundaries.’ The Society can be very helpful in this matter and people 
‘should pay tribute te the excellent service rendered by members of the ‘Pro- a 


fession i in fixing indefinite boundaries, by compromise. 

It is greatly to be regretted that boundary surveying does not command 7 


the same degree of respect given to other branches of engineering. lp. The prob- — 
involved in ‘retracing boundaries require a and high order of 
scientifie ability and, therefore, should command a recognition equal to that 7 . 

a _ obtained i in other fields of engineering. Professor J ohnston has rendered a val- 


uable service in calling attentiont t to the lack of fundamental training 

3 


surveying, the apathy of the engineer generally to this branch of the profes- 
sion, and many other points. is hoped that his excellent paper may arouse 


sufficient interest to cause some ‘of tle best talent from the colleges to enter os 
_G. M. Bowers,t M. Am. Soo. -C. E.—Political boundaries are, indeed, too 
often established without considering data which can be presented 


2 
ill always outweigh economic interest in the establishment of political 


__ boundaries., Scientific considerations, if presented, bear little or no o influence — 


in the face of ¢ organized political opposition. his: 


081 
= ‘Take, for instance, the case of the enlargement « of the : area a of an average | 


sity annexation is set up both within 


the line be National, State, or local i in ‘its. aspect, political and social interest 


Papers} evs 29811 
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action. Regardless of the necessity or the expediency of the proposed annex- 
ation, boundary lines are tentatively laid down as dictated by political 2 
* Proceedings, Am. Soc. C. E., October, 1927, Papers and Discussions, p. 2017. 
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promise and not, by any means, through 


> ‘a Jong as" the | engineer or surveyor feels that his work is limited to th 1e 1 
duties of “ running out’ ’ boundary lines described for him, he must rest sat- ‘a 


isfie when he, obtains a reasonable interest in n good surveying. Neither can 
the public be expected to understand him when he advises control — 
to meet the ends only of accuracy and precision | in the | art of ‘surveying. 


‘Should he, on the other hand, consider the future through the experiences _ of 
the past, he will have no trouble in being understood either by the politician | 
or the public whose interest he represents. Berl 


In almost any community he can easily show, as an argument for careful 


many existing inconsistencies affecting personal property interest 


and the unlimited trouble and expense experienced by reason of past inaccu- 


te Too few American cities to- -day recognize the value of adequate map infor- 
m 


» 


ation covering, not only the present incorporated area, but its future ter-_ 

2 ‘Titorial growth as well. q ‘Even less do they understand the prerequisites neces- 


sary to obtain: accurate map information, such as pee or + traverse 


No engineer can dispute e the f fact that every city or town ‘that 


an accurate standard survey be made if its public function is to be properly 
and economically administered. Tt i is not saying too much to state it 


is the duty of ever: y city or ‘town to not only survey and map its incorporated | “no le 

area, but its surrounding territory as well. The present- -day te sndency toward 


decentralization: of urban communities, “brought the advent of the 


a automobile highwa im rovements, and land develop ment, is almost universal. 
_ Boundaries are soon extended to include this outward | growth and, in a few 


years, the necessity is again at hand for further of new boundaries. 


= 


The community incorporated i is vitally affected by the surrounding devel- 


opments, which in time will inherit its ‘advantages or disadvantages, and thus” 
become either an asset or liability on those who have to live with it afterward. 
i Why then should these conditions be allowed to continue as in the past, 
wherein: the community life and | progress is so closely related as to. form a a 
practical unity, divided | only by political lines? 


is” fortunate that this question is being recognized in many of the. 
er States by their adoption of an act to provide for the recordation of sub-division 


plats; for the control of construction of public improvements ; ; and the 


Tights of the incorporated community in or within definite limits of its polit 


Can a city or town justify, economically, the expense incurred survey- ] 
_ ing and studying the territory beyond its corporate limits with a view toward : 
future annexation and control? Perhaps this question can best be answered for 
- in relating the experience of the City of Richmond, Va. 


‘The area of the city, previous | to i its last annexation in 1914, was approxi- 


mately 10.75 sq. that y year 13.25 sq. miles were added, ‘making its 
sent total incorporated area 24 sq. miles. In ‘the last, as 
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town estab-_ 

lished in 1742, the: territory, annexed populated and improved 


‘through sub- previously laid out with | streets and alleys dedicated 
: for public use, , and lots had been sold to individuals, all without consideration. 
of topography, drainage, continuation of thoroughfares, or other essential 
physical facts." Each extension of the city’s corporate area was authorized — 


by Council action, included in n which was defined the proposed new corporate } 
= metes and bounds projected by ‘means of seale from the county 


it 


sen t of the General Sinai: of Vi irginia, pee however, to the ‘approval 
= the Circuit t Court having over | the county or counties in which 

“was granted by 
decree, on the and on disclosed from inspection by 


“a0 Following ec confirmation of its annexation proceedings the City, by Council | 


action i in appropriating funds for the ¢ purpose, began the surveys of the terri- 


' oor annexed. it is to be noted that these surveys followed, rather than p pre- 
ceded each annexation. Thus were the official maps of the he city obtained ; 


annexation ‘survey of its limited territory, with varyi ne 


no less than four different level planes in use. 


but lack ‘of vertical co- co-ordination | as well, since ‘were 


information. a The City Council i in er year “appropriated $3 000 000 for gen- 


The construction was to cover many sections of the city, principally the 


outlying portions in which considerable data were then to be collected through = a 
: surveys before the design of the sewers could be made. Ii Immediately following 5 
this, a program of f surveys was out, which wi yas extended to cover the 


“drainage situation. urther need for map ‘the corporate 


| limits was desired at this time on ‘account of the pending Enabling Act grant 
the city the a approval of plats sub-dividing land, control of the 


of public improvements, and for the rights of cities in or within 


0 0 mi iles of ‘the corporate limits. 4 Such an act was passed i in 1922, but amended 


n 1924 to read “within five wollen of the corporate limits of ay city contain- 


g more than 150 000 inhabitants”. re, 
~The City Council after having been presented with the facts, and i in appre- 


i« 


‘ciation of the needs of the surveys, an m appropriation 


the 


1923. The surveys embraced of precise triangulation- traverse con-— 
trol covering an area of miles, of of present incorporated 
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NDARY ‘SURVEYS 


d monumenting this congested and most valued por- 
tion of ‘the: city; the co-ordination, through geodetic control, of all existing — 
annexation maps of acceptable accuracy; and the topographic | Mapping < of 


an area of ‘more t than 30 sq. miles lying outside the present corporate: line. 


Since 1923 topographic surveys of the outside area. have been made with» 
“reduced | activity on “account: of lack of sufficient funds. It is the intent of — 
the City to resume, in the near future, topographic surveys of its outlying 
_ territory ; and for this purpose, ee: traverse and vertical control is now being 
ical control is now being 
As result of these surv eys, Richmond may be listed a few other 


Following the completion the triangulation- traverse control and topo- 


graphic surveys in 1923, there wa was published a  report® of the result of | this 


the control of of all future surveys, with an outline of the mistakes. of the past. 
‘The cost of the 1921-23 ‘surveys $69 028. total spent in the ter- 
: ritory outside was approximately $52 000, to which has since been added heat 
$13.00 000, making a total of approximately $65 | 000 expended to J anuary, 1927, 
i on surveys and map information in securing physical data and in planning 7 
the future development of the | city in the contiguous unincorporated area. mh 
Since the adoption of the Enabling Act i in 1922, the City of the Suen 
acquired, without cost, title of immense value in area of lands 
_ reserved for streets, , alleys, drainage rights, and park purposes. Based on the > 
- cost to 1 the City of $600 000 actually expended since 1921 in acquiring land 
ao for the opening, extending, and widening o of streets for traffic - and ae 
"purposes in the 13.25 sq. miles last annexed, the value. qooming. to the City 
4 in n acquisitions made ix in the area . covered by the e topographic map of the terri- — 
tory beyond, proportionate to their x respective | areas, can reasonably be assumed — 
tos save the City more than $1 500 000 in the next annexation. expendi- 


: ture of $65 000 for topographic surveys has, thus far, -, returned to the City more 


ot _ Future political boundaries for cities and towns can and will be ‘estab- : a 
#8 lished on s scientific and economic principles if the art of ‘surveying is utilized ; being 


and the engineer r and not the politician i is to be heard. 35-1 


Roserr ‘Tare, M. Am. ‘Soc. C. E.—On the boundary survey of 1912 mile 
ae between 1 Costa Rica and Panama, a commission was appointed by the late Th 
oe Chief Justice White, consisting of O. M. . Leland, M. . Am. Soc. C. E., and the is tha 


J ustice White that o mly a locate thie 


i ale i * A copy of this 2 oak will be sent upon application to the Department of Public 
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‘and, through the Commission, sent four parties Boces del 


_ One party, headed by the writer, | sr, commenced surveying at a small ‘Place 


called Grabito and worked toward the Caribbean Sea. The country was. 
covered with. a thick jungle growth of trees and vegetation, and a number of t= 
negroes had to be employed 1 to cut survey lines. The shore was finally r reached 
a Ponto Mono. The other three parties had finished their sections and had 


he ‘remaining party then went to San osé, the Capital: of Costa Rica, 


; then to Santa Maria, and, finally, started a traverse over the taountains near — 


‘Buena ‘Vista. Warning had been, given that the _ temperature became low 


during the nights and, fortunately, plenty of clothing had been provided. rt 
be was found that the warning was: timely for, at night, ‘water was frozen in the 7 

pails, , and towels, hung up to dry, were frozen stiff. 7 : 

was necessary to determine elevations, run the ne triangulation survey, 

‘measure angles between the tops of mountain ranges that were along the | pos- 
sible divide and the ridge to the south of the Sixalo River. The party ‘sur- 
veyed do down the ridge that was thought to be the water divide. Instead of 

“finding a a good divide, practically a all the 1 ridges ra ran 1 at right angles, and the ie 


e saddles between the 
| of the work was really wasted because the party ran survey lines 


vay 


Very early in 1 the morning, before ‘the e fog came up, a number of photo- 


— of the mountain ridges. were taken. . There was one view down the 


, a view down, the Chirripo River, and a a photograph « of the 


4 


. They had been located by one of the other parties. 
Disregarding these | photographs, the Costa Rican Government claimed that 
the ridge between the Sixalo and Chirripo Rivers w was not disap- 
A. Van Devusen,* Assoc. M. Am. Soc. C. E- —tThe spe speaker to 
| discuss b briefly the subject of aerial surveying in relation to boundary surveys. * 
A very practical and interesting v use to which that art can be put, and is 
being put, is in connection with transmission lines. a The speaker has in mind .. 
a 35- mile line that has recently been built by the | company with which he - is 


associated. y Ana aerial eatin was made of the entire line and covered a strip 


_ The advantage of an aerial photographic survey a transmission line 
is that a complete and accurate picture is. presented. of the country to be 
trav ersed. . In the ordinary topographic : survey for | a transmission line, sey sev- 
4 
eral tr trial lines are run, and a sprinkling of survey data is secured; but man ny 


structures and other potential obstacles to the final line are omitted, and 


a concerning ae swamps are necessarily incomplete, With the 
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On the very complete map thus. and finished to. a of, say, 
600 ft. to > the inch, the best feasible location for the tower line | can be chs 
laid out yer right of way can be purchased | with the > minimum of — 


the event that certain property owners hold « out for excessive prices, the line, 
with ease e and confidence, can be. relocated on the aerial map and —, 


The speaker w ill quote 1 no definite ; figures regarding costs savings. 


_ fact, exact cost comparisons between these two methods as applied | to two 
a different i lines, cannot well be made. Suffice 3 it to state, therefore, that this 


experience was very satisfying and that in the one matter of timber cutting © 
alone, a saving was secured because of the to view at once the 
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‘This is not responsible for any ‘statement or ‘opinion d 


DESIGNI CATAWBA § STATION ‘ 


FOR SE ‘RVICE ON A I ARGE TRANSMISSION ‘SYSTEM 
By H. A. Haceman, M. Au. Soc. 


possibilities that exist modernizing old hydro-< electric. ‘plants. 
dts opportunities that are open to the « engineer to make use of 
skill” experience in creating a new development that will produce 
“power and energy the water more efficiently formerly. Many 
water power developments that have been in operation over long period 
of years, have antiquated power- -generating equipment that is uneconomical 
| from the standpoint of output 2 and maintenance as ‘compared with p present ree 
hydro- electric m machinery. The hydraulic structures of an old development, 
"such as the d dam, head- works, water conduits, and power station, may be in 


~ good condition but the machinery for transforming the potential energy of the 


stream into electric current is often inadequate if the maximum amount of 
The re- development makes a much greater utilization of the stream flow 
than formerly and permits a large increase in the production of power and % 

energy with considerable gain in efficiency. The increased capacity and 

| output is tot the storage that has been created, the greater 

used, and the higher efficiency of the ‘modern hydro- electric generating and 


‘The increase in head from | 23 ft. to a maximum of nearly, 70 ft. emphasizes 


end * This discussion (of the paper by W. S. Lee, M. Am. Soc. E., presented at the meet- — me 
ing of the Power Division, Asheville, N. C., on April 21, 1927, “ahd ‘published in November, 
1927, Proceedings), is printed in ‘Proceedings in order that ‘the views expressed may be pe- 
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Western rivers, of the « absence of extensive « construction in the river valleys. 
Fea: 
Fear of the oft-recurring floods and various other considerations have caused. 


: the inhabitants to do. most of their building « on high ground back from the 


river and to reserve the river- -bank meadows fi for agricultural purposes. ‘ This 


results in a much lower flowage cost, when a at material rise in water level is . 


made, than is usually found on Northern o: Eastern streams. Another 


4 


& advantage to water power on many of the Southern 
"streams is that the railroads, except in the mountains, generally follow the 2 
higher land of the divides : and cross the river valleys instead of following the 7 | 
river bank, as is usual in the Northern and Eastern States. ee 
a During the period between the construction of ‘the old and the new 
developments described by ‘the author, considerable progress | has been made i in 4 
the art of hydio- -electric ‘Power generation | and j in the transmission of electric 
xin in large ‘quantities. s. Probably the greatest ‘advance has been made in 

| design of hydro- machinery ; ; more the water- 
equipment, in the u 
inefficient “power “Tt is true that 
the Improvement in the 1 methods of analyzing stream greater economy 


in the design of hydro- electric structures, and more efficient power trans 


mission over long distances, have contributed to the progress realized. “ In 
view of this statement a comparison of the hydraulic features of the old : and 
the new Catawba developments might of interest. 

The new ‘station contains only half as many “units: as the old one, while. 
the: combined rated capacity is increased from 6 600 kw. to 60 000 kw. _ The 


A 


type: with triple Francis runners, -wheel unit ite 


oe station required about: 0. 13 cu. ft. per sec. to produce 1 kw., while in ‘in : 


“ ‘3 new development, with the i inerease in efficiency and in head, the same result i is 


obtained from about 0.20 cu ‘eu. ft. per sec. under the maximu m } hen, beside: 


increase due to greater use of ‘storage. 


& 


control, are used in to the new ‘units. This type of 
used i in water power for a time, ‘it is only 


without excessive ‘There is a gre diversity i in type 
control mechanism used and 1 in the It 


of cast-iron -frames to secure would be of con 

siderable interest to } know how these have worked out in service, both as 

[i regards water- tightness and whether there has been any trouble from material 4 


» flaps. ‘iI would also be of interest to know the amount of 
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‘power necessary to these gates under different conditions « of flow, using» 7 


the tension-rod type of control mechanism. | The use of the e direct- — 
 fiyballs 2 and of complete individual units in the governor system is typical 


It is evident that the flood conditions severe on 


28.1 ft. above the normal tail-water level, and q ft. higher than ‘the 1 maximum ; 
previously recorded flood level, the flood of 1916 submerged the station with © 
a flow 100% greater than the previously r recorded maximum flood. This seems 
‘a good re reason for - making the new g generator floor level 21. 5 “ft. higher than 
the old floor leve , or nearly 50 ft. above the normal tail-water level. This | 
excessive flood condition is probably one explanation of the use of the very © 
large flood- -gates, , 45 ft. long by 30 ft. high, although ‘there m may be other 
reasons for selecting these large gates in place of a a greater number 
From the data given in the paper, it is ‘noted that the usa usable 
been increased from about 5000 acre-ft. to about 236 000 acre- ft. This 
new storage changes the power and energy aspect of the possibilities at this 
site. Formerly, there was. only sufficient pondage available to enable the 
flow to meet the daily load factor of the station, , but now there is a large : 
regulated flow which be used efficiently during ‘periods: of 


iis The lack of natural — and storage basins on the rivers in the south- | 
eas eastern» part of the United States makes all | artificial storage especially 


valuable, and the relative i increase in the: primary flow of the stream is often — 
‘much gre greater than with an equal amount of additional storage developed on 
rivers with equal drainage areas in n the Northern States. 
development and use of the large ‘storage be basins ‘must have a 
siderable effect on the floods of the river a 
ae during high- periods before development of 
Any definite data regarding the lessened quantity of silt carried with the 
‘present storage conditions, or the rate of deposition of silt in the ‘various 
J: storage basins, would be valuable. o is understood that this river is , used 
r water supply in several instances. There must be considerable benefit 
The ‘growth of the system load has apparently been very rapid, req requiring 
iia increases in power facilities, and this particular re- -development m may 
be taken as a notable achievement of present-day Practice. 


The tremendous increase i in the size of single units ‘that manufacturers 


_ Ww ill build now, has given a great impetus to re- -development of old lente 
- The use of the present m modern reaction and propeller type runners, efficient 
vertical thrust bearings, improved draft-tubes, and large control gates have. 


all been factors contributing to . the construction of more efficient and larger 


Single units. of the points are illustrated by 


electric developments. 
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HAGEMAN ON RE-DESIGN OF CATAWBA STATION 


At Falls Plant of the Manchester Light and Power 
Company, of Manchester, N. on the Merrimack River, the old plan 


consisted of six horizontal shaft , triple turbine, | direct- connected units, under — 7 


ft. head. These were installed about 1900, and two units had new hori- 
zontal shaft runners installed about 1920. In 1924, the four old, 800-kw., 
horizontal units were removed and two new shaft, propeller 
turbines with direct-c connected generators were installed. These new units are 
and 4000 kv-: a., respectively. ‘They increased the station capacity 50% 


with a ‘corresponding increase of only 15% in the quantity of water required. — 


‘The turbines are equipped with plate-steel Hydraucone draft- -tubes, 
governor flyballs, and adjustable lignum vite guide- bearings. 


- connection with this re- development, the plant at Kelley’s Falls, on 
- the Piscataquog River, v was built over from a two- unit, horizontal- shaft, rope- 
. _ drive plant, very similar to the Catawba Plant, to a single unit, automatic, 4 
7 power, available under a very 
head by means of ‘propeller type runners" is the Green Island, 
_ development of ‘Henry Ford and Son, Incorporated. This plant has a normal _ 
head of 13 ft. which is considerably r reduced during ‘high water, and contains 


four 2 000-h.p. wheels, having 4-blade runners | 156 in. in ina 


‘recent. development containing modern, vertical shaft, 
each 25000 Ah Du under 112- -ft. head, and -direct- connected to ‘alternating- 
current generators, is the | Bartlett’s Ferry “development t of “the Columbus 
Electric and Power Company. ‘These “units, have elbow type -_draft-tubes. 
- An interesting example of the application of a butterfly valve for use as a 

head- “gate to a water- wheel unit will be found i in the Conowingo development _ 


now under consideration for The Susquehanna Power Company. Each water- 


- wheel unit, which will have a | rated capacity of 54 4.000 1 h.p. at full 1 gate and - 
89- ft. head, will be equipped with | a vertical shaft, cast- -steel butterfly valve, 


ye rf ft. in diameter, provided with specially designed rubber sealing devices. 


- These valves will be the largest ever ‘constructed and will be located directly 
the entrance to the seroll- cases. Before selecting this type of valve 


careful investigation was of all types” of head- -gates” with a view to 
 Saae the most satisfactory installation from, the ‘standpoint of cost | and 


operation. The valves, as installed, will insure the least leakage of ‘any type 
of g gate under ‘the particular conditions. ‘They will be operated from the 
-_power- house floor and can be installed or dismantled by the main station — 


cranes. This type. of f valve | has permitted the most economical power house 


The subject of power re-development is a vital one at present. 
‘ ie detail could be added, but the foregoing discussion is intended ‘ to 
2 


per lod 


tm 
as 
3 
d 
= 
— 
f 
ae 
— 
— 
th 
S. 
= 
all 
the 
nee 
posi 
int 
1863 
— 
Olea: 
struc 
— 
— 
— Keith 
— 
— 
— 
if 
— 


OF GEORGE THOMAS KEITH 


“MEMOIRS DECEASED MEMBERS 
Norg.—Memoirs will be reproduced in the volumes of Transactions. Any. 
thes will amplify the records as here printed, or correct any errors, should be forwarded - 


GEORGE THOMAS: KEITH, M. Am. Soc. Cc. <P 


Diep Sepremper 4, 1927. traning 


George Thomas Keith was born on February 4, 1843, at Bridgewater, 


Mase He was | the only son of Thomas Mitchell and Caroline (Jones) Keith, 


and a lineal of Captain ‘Miles Standish, John Alden, and Priscilla 


es. Mr. Keith was graduated from n the Bridgewater State N Normal School at 
the age ¢ of eighteen. — In the same ye year, 1 1861, he enlisted in. the Third Massa- 
chusetts ‘Volunteers, Company K, and was sent with his r regiment to 0 Newbern, 
s. C. ‘Although he w was actively engaged in five great battles of the Civil 
War, ‘among which were Goldsboro, Kingston, and Whitehall , he suffered 
wounds or illness during his the close of the war he refused 
to apply for a pension, but when it was decided that be granted to 


(Civil: War veterans, he finally y agreed to: 


on the construction of the Bradford Branch of the Erie Railroad, which 


"position he held for one year. From 1865 to 1868, he was employed, prinei- 


pals, as Engineer in coal mines in the United States Land Company’s office, 
in Bradford, Pa. ‘He then served as Engineer of the Land Department of 


Erie Railroad at Hornellsville. (now Hornell), ,N. from: 


In 1873, Mr. Keith was made Assistant Engineer in charge of construction — 
elt the re reservoir of ‘the Lawrence Water- Works, at Lawrence, Mass. He held a 


this position until 1876, when he « engaged in priv vate pebiellide, with offices at 
Olean, N.Y, and Bradford, until 1889. During this period he con- 


structed water- works plants at News ark, ‘Ohio, at Chester, Pa, and was 


4 Ss » completed - his apprenticeship in 1864, when he became Assistant Engi- 
t 


oil. He was aiid employed as Contractor for the: water sedis’ at Cuba, 
In 1889, Mr. Keith became a member | of the firm of oltman and 


<eith, ‘of New York, N. ‘< and as such constructed water- works at Talla- 


oosa, Ga., Henderson, N . C., , and elsewhere. His greatest work during this | 
period was, , perhaps, the establishment of the water- works in the seven | munici-— he 


of Montreal, Que., Canada, all of which were ‘included i in the Montreal 
W ater System. ‘From "1896 to 1904, he was engaged on the construction of 


electric railroads at Olean, N. Y., and Oil City, ‘Pa. 


Memoir prepared from information on file at Headquarters. 
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tl health ‘made it necessary Mr. Keith t to retire active work 
for a time. When he had recovered sufficiently, he applied for a position on 
the New ‘York State Barge Canal which was then under construction. _ ‘The 


of engineers ¢ on this: work by « competitive essays, 
or themes, 


* the New York State Highway Department, at Olean, in 1907. ia 


a He the author of “Keith’s Railroad Tables”, 


and unctions | of 


Curves”, , for the “Transit Note Book”, published by Keuffel and Esser, which 
_ is well known, and is used as a college text. 
‘In 187 70, Mr. Keith was as married to Evelyn Agnes Moore, who died i in March, 
1916. ‘Hei is | survived ed by a an only daughter, Mrs. Mildred Evelyn Thynge. —_ 
ie was a member of the Grand Army of the Republic; the National Geo- 
and Cattaraugus member of the for 


Mr. Keith was “Member of the Society of of | ‘En 

cH ARLES HENRY RUST, M. Am. Soc. C. E.* 


Charles Henry Rust t born at ‘Great Waltham, ‘Essex, England, 


duce wood | Grammar School in 


December 25, 1852. ‘He was educated at Brent 


one county and, in 1872, 1 went with his family to Canada. ar 


Soon after his arrival | in Canada, Mr. Rust accepted a on the 


_ Engineering Staff which 1 was then ‘engaged on a preliminary survey of the 
Ontario and Quebec Railway. _ Five years later, he entered the service of the 


City of Toronto, Ont., as Rodman on the Engineering F Force under the 


“which, held until 1891. this also” served a 


Principal Assistant Engineer, and i in the spring of 1892, after the resignation 7 
Mr. Granville C. Cunningham, who had ‘been Acting | he 


was as s Deputy City Engineer, and held this 


until February, 1898, when, , on the resignation of Mr. Keating, he ) was ap- 
pointed ‘City Engineer and Manager of the Water-Works 
During his connection wi with the City of Toronto, Mr. Rust originated 


avy re 


“carried out a a complete system of main drainage and sewage e disposal ; a modern 


and tunnel the water-works; “numerous: 
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“important bridges; and many other of Ie 

much | time and. painstaking study, wer were never er brought an ‘fruition. lies 

He ‘reported at intervals on water-works and sewerage problems for 
boring municipalities and occasionally acted as as an arbitrator. _ Although his 

services were frequently in demand as a consultant and his routine 


ies s occupied so much of his time that he was unable to accede to many yo 
1912, Rust, having been attracted by the mild climate, and the 
prospect of the pending construction of a new municipal water supply, resi ; 
: the position of City Engineer of Toronto to accept a similar one ‘in Vietoria, 
B. ©. While in Victoria he was “requested by the Government to report: on 
— 
the Greater Vancouver Sewerage Scheme. At this time he also reported 


n the Second Narrows Bridge, near Vancouver, B. C. 
we 1918, he returned to Toronto under an engagement with the manage- 
‘ment of the Toronto Street Railway and Toronto Eleetric Light Company. — ks 


al 
Later, these o organizations were brought u 


nder municipal control, and thus 
‘Mr. Rust again became identified with the City of Toronto, this time as 
official of. the Toronto Hydro- Electric System. He retained this position 


In 1887, Mr. Rust was elected as one of the first members of the Canadian 

Society of Civil Engineers, now the Engineering Institute of Canada. He 
greatly in its affairs and served in various capacities until 

1911 he was elected President of the Society. In 1902, he w was elected Presi- 
™ of ‘the American Society of ‘Municipal Improvements. He was also” a 
Joa member of the Executive Committee of the American Water Works Asso- 

ciation and, for many years, of the Royal Canadian Yacht | as well as 

In 1879, Mr. Rust was s married to Alice Preston, who ‘survives h him His 

“kindly, and affectionate disposition endeared him to all those who were privi- 

leged to know | him intimately. ‘His mature judgment, unfailing courtesy, 

and tactful manner fitted him for the numerous high positions which oo 


in the Engineering Profession. He was s loved and respected by his many 


y ve Mr. Rust was ¢ elected a a Member of de American Society of Civil Engineers — 


sh on April 5, 1899, and served as Vice-President in 1913 and — 

4 GODFREY LEWIS SMITH, M M. Am, Soe. 
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sig the San Francisco Public Schools and High School. In September, 1894, 


he entered the Massachusetts Tastitute of Technology | and remained there 


a student, until February, 1899, with ‘the e exception of one year when he was il. 


Ae a ‘boy, Mr. ‘Smith spent many of his free hours in a machine 


owned by his uncle, Lewis Kelley. J He was sO adaptable that, at the age 


- fifteen, he was able to operate all the machines in the ‘shop, including firing © 
On leaving college he entered the employ of ‘the Newport 2 News 


building and Dry Dock Company, at Newport News, Va . an 
until June, 1899, he was in in charge of filing and indexing hull ‘From 
June, 1 1899, to May, 190 5, he was engaged i in designing and calculating ships 


ar lines and structure, testing materials, estimating the cost of hulls, and survey- 

- Tn September of the same year, Mr. Smith was made Engineer i in charge 

of construction, which position he held until March, 1909. During t this s time 

was in charge of the design and construction of one of the Jargest 


docks ‘then built in the United States. _ He was appointed Civil Engineer in 
March, 1909, and i in that capacity had charge of all designs and construction 7 


A 


~~ 


of dry docks, , piers, , bulkheads, trestles, shipways, b buildings, tracks, roads, 
‘foundations, ns, and other Plant work, some mechanical ‘equipment. 


‘Department of the ‘Company where remained until ‘until his death, ‘at which 


‘time he was Acting Sales Manager. par ints ia 

Mr. Smith took a prominent part in 1 the civic and political affairs of. 

Newport News and « at one time was President of the Chamber « of Commerce 


anda a member of the Board of Directors of that bo dy for | a number of li: 
He was also : a member of the Chamber of Commerce of the State of Virginia. 


3 served several terms as” a member of the City and during a 
part of this time he was ‘Chairman of the Finance Committee. He waged an 
almost constant ‘fight { for sound city financing and was an authority on th e 
For years city management form of government 


3 News, Mr. Smith was ‘an interested and active “advocate 
of simplified municipal government, and it was largely through his efforts that. 


this: plan was accepted by the city. was so active in the re 


that he was known to many of his ¢ the 


Manager form of government and when the new he 


oa _ was the only member of the old C ouncil to be returned to office. a. 
June 1908, Mr. Smith was to Post who, four 
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-MEMOIR ROY “MAC BEAN 


Soe. C. E.* 


8, 1927 
James Roy Siete the son “ James Dean and Mary (Murphy) Mac- 


‘Ben, , was born in in Philadelphia, Pa., on January 1 19, 1885. On the completion - 
of his early education in the public ‘schools, he entered Drexel Institute for 


4 a course: in Civil Engineering. 


Peck and Pacifie Railway Company a as and Instrumentman 
and remained with that Company for about three years. Subsequently, he 
was engaged for about six years on work with th the Pennsylvania and Chicago > 

7 


Great Western Railroad Companies. _ He was employed by the Spanish- Ameri- : 


can Iron Company in charge of mining and railroad construction in Cuba — 
during parts” of 1906 and 1911. — 


For various periods between 1907 and 1924, Mr. MacBean was cuseged 

for about five years as Draftsman and Chief of Party on sub-division and 

municipal. work with private engineering firms of Philadelphia and Jenkin- 


town, Pa. % In 1918, as Assistant Superintendent for the e Austin Company, he _ 
was engaged on the construction of a conerete roundhouse for the ——— 7 


= 


the United Gas Company, of Phila. 
delphia, remaining with this Company until the summer of 1923. 
From n August, 1924, until his death, ‘Mr. MacBean was employed as Resi- 
dent Engineer for the New Jersey State Highway Department. As such, 
he was engaged on reconnaissance surveys” in with the entrance 
and connecting roads for the » Delaware River Bridge Extension from Camden, _ 7 


N. a to to the: main State highway routes of Southern New Jersey. On the com-— 
fa pletion of the preliminary work he had charge of the construction of the north- = 
erly section of the connecting road. Shortly before his death, he had 


‘ee the construction of the concrete State Road between Eeg Harbor and _ 


_ Mr. MacBean met his death as the result of an automobile | ened while © 


returning from work on the afternoon of July 8, 1927 


He was married on May 16, 1914, to Esther of Nee York, 
N.Y. » who, with a son, Roy Hamilton, survives him. He Was a tt 


the West Park Presbyterian Church, , of Philadelphia. 


Mr. MacBean was elected an Associate Member er of the 
Civil Engineers on June 6,19270 


Memoir prepared by W. M. Am. “Soe. E., and E. H. Assoc. 
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“Automobile Hazard in Cities and Its Re- Kirby,' 1729; Lee §S. Trainor, Sidney 
= duction.” William J. Cox, 513. Dis- vs J. Williams, A. B. Barber, 2021 ; William 
gussion: William T. Lyle, M. O. Eldridge, J. Cox, 2693. 
W. Stark, L. G. Holleran, S. Johan- of Road Type to Tire Wear. 
nesson, W. Graham Cole, "Harold M. L. Waller and H. E. Phelps, 1189. 
ule Lewis, J. K. Finch, G. G. Kelcey, Ray- Discussion: Troy Carmichael, 2363. — 
mond A. O’Hara, John A. Miller, Jr., s “The Relation of Highway Transportation 
to the Railway.” Ralph Budd, 793. e 
“a Discussion: John V. Hanna, E. A. Hadley, 


Kennard Thomson, 1269; W. W. 
r. Crosby, Theodore T. McCrosky, R. S. 
® Kirby, 1729; Lee S. Trainor, Sidney J. 


Williams, A. B. Barber, 2021 ; William» 


oa ‘William T. Lyle, 2043; M. H. Gerry, Jr 


G. Jonah, 1319; W. mf ae 


"Addresses ; also Motor Buses ; ‘Motor Trucks. 
“The Panama Canal”: Address at_ An- 

nual Convention in Denver, Colo., Great Yangtze Bar.” 
13, 1927. John F. Stevens, 1047. denstam, 1851. 

Photography, Aerial. See Asphalt. wit 
See Surveying, Aerial. “Quantities of Materials and Costs 


Square Foot of Floor for Highway and. 


Bridges.” Discussion : Kennard Thom- 
son; H. B. Muckleston, 316; Allston 
Graphic “Method for Determining Oesterblom, Francis P. 
Stresses in Circular Under Leon S. Moisseiff, Eberly, Horatio 
Loads by the Cain Formulas.” Frederick Van Cleve, Wendell P. 594; 
Hall Fowler, 1893. Discussion: William G. Grove, 998. 


Jakobsen, 2783. Design of a Multiple- Arch 


“Analysis of _ Concrete . Are Permissible Simplifications. 


a ms. Discussio sion: A. C. Janni, 924. 
“The Eye-Bar Cable Suspension Bridge at 
“Experimental Deformation of a Cylindri- Florianopolis, Brazil.” D. B. Steinman 
Arched Dam.” Discussion: William ew and William G. Grove, 707. Discussion: 

k gi 298; Charles W. Comstock, 579; = J, A. L. Waddell, Spencer Miller, Lloyd — 

W. H. R. Nimmo, 976. ‘Frost, C. G. Emil Larsson, Clyde 


“Notes on Arched ‘Gravity Dams. Morris, 1307; V. R. Covell, T. J. Wil- 
Jakobsen, 1135. Discussion: George R. kerson, A. D. Nutter, 1741; Frederick C. 
_ Rich, A, Floris, 2059; Lars R. Jorgen- = Carstarphen, A. deH. Hoadley, 2031; 
sen, P. Wilhelm Werner, 2355. FL N. Menefee, T. Kuo, 2327; L. S. 


“Stresses in Thick of Dams.” Discus- a opty Moisseiff, R. Mec. Beanfield, Charles F. 


_sion: B, F. Jakobsen, 248. = Stowell, 2701. 
_ Son a Single Force Normal to Its 
“Asphalt Paw Axis.” Joseph N. LeConte, 3. Discus- 
“North Carolina Bituminous Earth Roads. gion: William R. Osgood, 639; Henry 


William B. Catchings, Discussion D. Dewell, 1002. F itouD 
Carlton N. 645. 3 wil ‘Unit Stresses in Structural Materials.” 


Automobile Parking Discussion: J. A. L. Waddell, R. A. 
“Increasing the Caughey, E. G. Walker, 103; Thomas 
Transportation in City Streets.” Discus-_ ote K, A. Hendrick, F. N. Menefee, 320; 
sion: John A. Miller, Jr., 270. Clement E. Chase, 490; John Tucker, Jr., 
Automobile he ‘¥F, E. Turneaure, D. B. Steinman, J. A. 
“Relation of Road Type to Tire Wear.” By 
7 ie O. L. Waller and H. BE. Phelps, 1189. £ ‘Unusual Engineering Features of an Im 
{ ‘Discussion: Troy Carmichael, 2363, Building,” R. McC. Bea 
“Automobile Hazard in Cities and Its Re- Buses, Motor 
yar cussion: William T. Lyle, M.0O. Eldridge, Cables 
Stark, L. G. Holleran, Ss. Johan- Bar Suspension Brigge at 


nesson, W. Graham Cole, Harold M 
Lewis,” J. K. Finch, G. G. Kelcey, Ray- 


_ Florianopolis, Brazil.” D. 
and William G. Grove, 707. Discussion: 
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‘Morris, 1307; V. R. Covell, T. J. Wil- 
kerson, A. D. ‘Nutter, 1741; Frederick C. * 
-Carstarphen, A. Hoadley, 2031; 
N. Menefee, T. Kuo, 2327; & 


 Moisseiff, R. McC. Beanfield, Charles F 


Cableways _ 
“Aerial Tramways.” F. C. 
“Emergency on Inner Navigation 
Canal at New Orleans, Louisiana.’ 
Henry Goldmark, 2617. 
Spillways for Regulating Diversion 
3 W. H. R. Nimmo. 1869. 
“The Head- Works of the Canal.” 
E. Grunsky, 2183. 
“The Lake Washington Ship Canal, 
“Washington.” W. J. Barden and A. 
Sargent, 1227. Discussion: Ernest 
Hussey, Charles E. Fowler, 2079; Joseph 
“The New York State Barge Canal and Its” 
Operation. Discussion: Harry Taylor, 
EB. P. Goodrich, | F. Lavis, J. K. Finch, 
E. E. King, 135; Frank L. Bolton, 589; 
Roy G. Finch, 994. 
“The Panama Canal”: Address at the An- 
Pc. nual Convention in Denver, Colo., July 
18, 1927. John F. Stevens, 1047. | 
“Tests of Manhole Covers.” T. J. Corwin, 
“Corrosion of Concrete.” Discussion: 
Tratman, John ‘R. 56. 


“The Stresses in a Free Prismatic Rod | 
Under a Single Force Normal to Its 
3. Dis- 
cussion: William R. 639 ; Henry» 


D. Dewell, 1002. 
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Axis.” Joseph N. LeConte, 


“The Cincinnati City Plan Is Now Law. 


Discussion: Alfred Bettman, Edward 
Bassett, Arthur C. Comey, E. P. Good- 
Bi" Thomas T. Towles, 124; Harland 

‘Thomas | H. Reed, 


City Planning 
i “Aerial Surveys for City Planning. 
cussion : 
“Automobile Hazard in Cities and Its Re- 
duction.” William J. Cox, 513. Dis- 
a. cussion: William T. Lyle, M. O. Eldridge, 
. C. W. Stark, L. G. Holleran, S. Johan-- 
W. Graham Cole, Harold M. 
eS Lewis, J. K. Finch, G. G. Kelcey, Ray-— 
hk mond A. O’Hara, John A. Miller, Jr., 
Kennard Thomson, 1269; W. W. 
 Groaby, Theodore T. "McCrosky, R. S. 
uit Kirby, 1729; Lee S. Trainor, Sidney a 
Williams, A. B. Barber, 2021; William — 
“Basic Information Needed for a Regional 
Harold M. Lewis, 1505. Dis- 
cussion: Russell V. Black, George 
Unger, Arthur A. Shurtleff, Hale J. 
Walker, Joseph W. Shirley, 
fred Hayler, William J. Bowie, 
Strong, 2371; Charles’ W. Eliot, 2d, 
eal N. Arthur, Charles Wellford Leavitt 


“Forecast : 


“Hexagonal 


te Lawrence Veiller, George B. ‘Ford, Nou- 


ve Benjamin H. Ritter, 
man, Bleecker Marquette, W. C. Rice, 


t 

Theron M. Ripley, 94; Gerard “Surveys on the 


“Cultural Opportunities in Regional Plan- — 
” Andrew Crawford, 1525. 
Discussion: 

Sturgis Pray, 

Bassett, Jacob L. Jr.,; Charles 
Wellford Leavitt, Morris Knowles, 
old M. Lewis, H. Randall, H. 
The Regional Community of 
‘Thomas Adams, 1533. 
Howard 
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the Future.” 
Discussion: Robert Kingery, 


--—s« Strong, William J. Wilgus, Frederic H. 


Fay, William T. Lyle, 2417; 

Wellford Leavitt, 2739. ; 

Planning, Traffic Intercepter 
Noulan Cauchon, 784. Dis- 


John Nolen, E. P. Goodrich, fe 


Charles 


and Orbit.” 
cussion: 


“Housing and the Regional Plant.” | John — 
Ihlider, 1513. Discussion: James Ford, a 


Bernard J. New- 
E. M. Bassett, Frank B. Williams, U. 


‘Arthur H. Dimock, 1143. Discussion: 
Charles E. Fowler, 2065. 
_ “Re-Arrangement of a Business District: 
_ Changes in Recent Years in Pittsburgh, 
Pennsylvania.” Nathan Schein, 1161. 
Discussion: Edwin K. Morse, " 2067; 
Francis P. Mulvihill, 2725. 
“The Cincinnati City Plan Is Now Law.” | 
Discussion: Alfred Bettman, Edward M. 
Bassett, Arthur C. Comey, E. P. Good- 
rich, Thomas T. Towles, 124; Harland > 
Bartholomew, 301 Thomas Reed, 
Development of Mariemont, Ohio.” 
Discussion: Charles Wellford 
“The Planning of the Industrial 
Longview, Washington. Herbert 
Hare, 1177. Discussion: B. L. Lam- 
town Planning and Its Relations to the — 
bi _ Professions Involved.” Discussion: Ed- 
ward M. Bassett, J. E. Willoughby, 121; 
Noulan ‘Couchan, 582 ; John ‘Nolen, 981. 


‘drainage from —— mines. 
Coal Handling Machinery j= | 
foal handling at Kearny Power Station. — 
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New theory “dor the conteifagal pump. of suspension bridges. 
2771. Hydraulic design of flume and siphon tran- 


“Forest Cover as a Factor in Con- Mulvihill, Francis P, 
“trol.” 2511. Pittsburgh business district. 725.0 
Ss. H. “Snow Removal Streets. in Boston, 
“Historical ‘Notes on Land Drainage in Massachusetts.” 2009. 


“McCrosky, Theodore steel in beams and slabs. 


Automobile hazard its reduction. 1780. Newell, F. H. 
McMillan, F. Ro Some phases of irrigation financing. 1745. 


Work port of Beattie, 4 ‘Newman, - 
Marden, oO. Housing and the regional plan. 2394. 
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Sumner, Walter Augustus 
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‘The’ Constitution provides that the Board o of f Direction shall elect or reject 
all applicants for Admission or for Transfer, or, and, in order to determine justly Te 
eligibility each candidate, the Board ‘must. depend ‘upon the 


This. list is issued to in every y grade for the purpose of securing 
is 
such available information, and every member is urged to scan carefully 


each monthly list. of candidates ax and to furnish the Board with data i in regard at 


any applicant which may aid in determining his eligibility. is the Duty 


of all Members to the Profession to : assist the Board i in this manner, 


is especially urged, in communications ¢ concerning errors 
in the record be | pointed out and a 1 Definite Recommendation as to the Proper 
Grading in Each Case be given, inasmuch as the grading must be based upon 


the opinions of those who know the applicant ‘personally, as well: as upon the 


nature and extent of his professional experience. facts exist derogatory 


, the personal character or or to the professional ‘reputation of an applicant, they vad 


a 


should be promptly communicated to the Board. Communications Relating 


to Applicants are considered by the Board as Strictly | Confidential. 


ae. The Board of Direction will not consider the applications herein i: a 
tained from residents of North America until the expiration of. thirty (30) 


days, and from non-residents of North ica til the expiration of ninety 
(90), day s from January 1, 
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LIST OF APPLICANTS, 


* 


Names of "Applicants for Admission and for Transfer on this Preliminary List, 


ANDERSON, NORVAL 
BARBATO, THEODORE.... 
WILLIAM J 
BAROFSKY, MAX. 


Pa.. 
KENNETH W. 


-Brooklyn, N. Y 

Diego, Cal 
Ferndale, Mich 
Ravenna, Ky 
Denver, Colo 
-Charlotte, N. C 
Columbus, Ohio 
-Boston, Mass... 
-San Francisco, Cal. 
-Brookings, S. Dak. . 
-Brooklyn, N.Y 
Shanhaikuan, China.. 
CLAUSEN, ARNOLD A.....Chicago, Ill......... 
_ CLEAVER, CHARLES E.. -Pacific, Wash 
CONNINGTON, CHARLES sg. Pelham Manor, N. 
CORNELL, GEORGE M Minneapolis, Minn. 
DAWSON, FRANCIS M.....Lawrence, Kans 
DEAN, JOHN B St. Louis, Mo 
DEREMER, JAMES S.....Denver, Colo 
DOLLIVER, EMERSON Berkeley, Cal....... 

_ DOWNING, RODERICK L...Boulder, Colo....... 
DoYLE, WALTER H.. -New York City 


BEERS, LESLIE Cc 

BELL, "ANDREW M 
_BENNET, HAROLD H 
BIRKENWALD, Emi. 
BRONSON, JOSEPH C 

BROWN, BuRTIS 

Burr, GEORGE D. 
CARTER, HAROLD S... 
CASH, HENRY.. 

CHEN, Y 


eee 


DuckHAM, FREDERIC Ww. - Devonshire, 


DUNCAN, WILLIAM M. 

JOSEPH L 
FARR, FOREST W 
‘Fano, JuLio M. DE F.. 


-Perth, Scotiand.. 
Baltimore, Md 
Brooklyn, N. Y. 


Brooklyn, N. Y 
Syracuse, N. Y 
Harotp K Fresno, Cal 


FRERET, WILLmAM A., JR.. Miami, 
M. 
HALL, CRISPIN C 
HATFIELD, WILLIAM D. mn 
- Little Rock, Ark 
HOELSCHER, LEONARD W..Los Angeles, Cal 
HOELSCHER, RANDOLPH P.Urbana, IIl 
_HorrmMan, Don M 
HUTCHINSON, ROBERT P..Seattle, Wash 
JENKS, Harry N 
_JEPPE, DOUGLAS P 
JEUNE, JAMES F., D. 
JEWEL, WARWICK R. 
-KAUFHOLZ, WILLIAM 


New York City 
Wellington, N. Z.... 
. Buffalo, N. Y 
-Baltimore, Md. 


Montreal, Que., 
.--Lima, 
LENOX, JACOB L Brooklyn, N. ‘y! 
LINDSAY, JOHN -++ePhiladelphia, Pa.. 


-Sao Paulo, Brazil.... 


San Francisco, Cal... 


Address 
Elkins Park, Pa. 
Los Angeles, Cal 


Lucas, J.. 

_ MacBzan, DONALD G.....Medford, Ore 

Epwarp....New York 
2 MANSELL, | BENJAMIN T.. ‘Philadelphia, Pa.. 
-° MARAK, WILLIAM H.....Little Rock, Ark. 

MarsH, FRANcts B Providence, R. I 

Mayer, Lovurs C Los Angeles, Cal 
ee CARL B Sacramento, Cal 
a MITCHELL, THOMAS J....Ann Arbor, Mich 
28 Moore, LESLIE J Memphis, Tenn 
NORRIS, JAMES A Midvale, N. J 
28 NUTTALL, JOHN H Philadelphia, Pa 
4 PARKER, WILLIAM White Plains, N. Y... 
 PaRRart, SypNEY L Beaumont, Cal... 
PATERMASTER. Otto A...Lorton, Va 

bas PECKWORTH, Howarp F..New York City 


Kansas City, Mo. 

PEDERSEN, HANS V Marshalltown, Towa.. 
PETERSON, -Oakland, Cal.. 

Rochester, N. 

Pooxe, ‘LESTER Little Neck, N. 

PORTER, CARROLL B..... Somer: Ky.. 

PRoury, WINFRED L 
REEDER, LYNN H.. 

REUTER, ERNEST 

if RICHARDS, ALBERT Z.. 

| ROBERTS, ELLIoTT B 

RUSSELL, LEwWIs W 
5 ScHEETZ, Harry L 

SERRURIER, MARK U 

SHULMAN, Morris J 


¥.. 


---Salt Lake cw. — 
Washington, 
Chicago, Ill 
Philadelphia, Pa 
Los Angeles, ‘ 
New York — 

3 SINGLETON, CHARLES C...Baltimore, Md. 


-SMEED, Harotp F 


Rochester, 
8 MorRIs K. 


- Pullman, ‘Wash. 


SUEHRSTEDT, HENRY G. 
TARTT, PHILLIPS B 
_ VAN ANTWERP, EUGENE I.Detroit, Mich 
VANONI, Vito A Los Angeles, Cal....- 
KARL Williamsport, Pa.. 
Wapprnaton, JOHN C....Sheffield, England. . 
WAGNER, EDWIN B Downingtown, Pa 
WARD, VERNON C Pittsburgh, Pa... 
WEL LE, EBERHARD.. .New York City.. 
"RANDOLPH C. Houston, Tex... 
WESTERGAARD. HARALD M.Urbana, Ill 
23. Woop, WALTER J... Stanford Univ., Cal.. 
JOHN R.. .Utica, N. Y 
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The fact that applicants give names certain ‘members as 
pe does not necessarily mean that such members endorse. _ 
9 


The number in the center above each record ‘indicates the e serial 


number of the applicant for ‘current year, and that at ‘the left 


. The abbreviations in Italics represent, respectively, TT, Total Time; SP, 
Sub- Professional Work; Professional Work; RC, Responsible Charge; 7 


nt. The allowance 
of two years for and of a year for each 


year successfully completed in an engineering college without graduation 
is included in Total Time and Sub-Professional Work. | 


(1) ABILDSO, -HAAKON ANDREAS, 1033 Fifty-Seventh (Age 27. 
& Aker, Oslo, Norway.) 1921 B. S. in C. E., Norway Inst. Tech. TT 2: SP 2. Aug. 1921 
Oct. 1922 Asst. Engr., Norwegian Govt., on design and field supervision of transmission 
_ towers for high- -tension line. «TT £2: 5 £2: RC 0.5: D 0.9. . Jan. to April 1923 Drafts- 
man and Surveyor with Browne & Sharpe, Inc., Providence, RE TT 0.8: SP 0.8. April 
- 1923 to March 1925 Structural Steel Designer, ‘@tone & Webster, Boston, Mass., mostly power 
stations. 1.9: P 1.9: D 1.5. March 1925 to date Structural Steel Designer, Union 
_ Carbide & Carbon Competition, New York City, structural steel and reinforced concrete — 
design of buildings for gas and chemical plants. TT 1.7: P 1.7: D 1.7. 2” FT 7.1: SP 2.8: a 
4.8: RC 0.5: D 4.1. to A. P HL Cc. Borchgrevink, 8. Re Donnellon, 
(8) ANDERSON, NORVAL| EUGENE, 7030 Paxton, Ave., Chicago, Ill. (Age 29. Born Anna, 
‘Il.) 1920 B.S. in C. E., Univ. of Ill. 77 2: SP 2. June to Sept. of years 1918 and 1919 
_ Engr.’ s Asst., Rohrbough Eng. Co., Omaha, Nebr., drafting and surveying. June 1920 to _ 
: - date with San. Dist. of Chicago, until Aug. 1922 as Jun. Asst. Engr., San Div., on drafting, 
design, computations and minor designs, then Asst. Engr., Sewage Treatment Plant, on ee 
of sewage-treatment works. TT 6.5: SP 0.2: P 6.8: RC 2: D448. (PT 8.5: SP 2.2: 
6.3: Re _-Refers to ‘EB: Barker, 0. ‘Eltinge, I. P. Kane, H, L. MeMillan, 


BARBATO, THEODORE, 154 Nassau St., New City. 38. 


Republic.) ~ 1910 B. E., and 1914 C. E., Cooper Union Inst. TT 2: SP 2. 1910 to 1917 
_ with Public Service Comm., ist Dist., New York City, until 1914 as Draftsman and Asst. 
designing subway and elevated railroad structures, then Asst. Engr. in charge of 
Inspection Party on Third Ave. Elevated structure, New York City. TT 6.5: SP 1: P 5.5: 
RC 4.5. 1917 to 1918'Designer, Perin & Marshall, New York City, on structural steel indus-| 
trial buildings and power houses. TT 1: P 1: RO 1. - 1918 to 1919 Designer, H. D. Best 
Co., New York City, on reinforced concrete mienitel buildings. «PT 1.5: P 1.5: RO 1.6. 
1919 to 1920 Designer, Conerete Steel Eng. Co., New York City, designing and detailing 
_ reinforced concrete bridges. TT 1: P 1: RO 1. 1920 to 1923 Chf. Engr., Schuster Eng. 
Co., and 1923 to date Chf. Engr., Jno. T. McCoy, Inc., New York City, designing, estimating, 
and supervising design and construction of reinforced concrete and structural steel industrial 
and commercial buildings. T7 6: P6:D6. MTT 18: 8P 3: P 15: RC 8: D6. Refers 
to E. H. Harder, C. W. Hudson, G. M. Purver, W. Mueser, Wegmann. 
(4) BAROFSKY, MAX, 700 South Sixteenth St., Philadetphia, Pa. (Age 27. Born — - 


 delphia, Pa.) 1921 B. S. in C. B., Univ. of Pa. TT 2: SP 2. Jan. 1922 to date with City 
of Philadelphia, until March 1925 as Structural eae, Bridge Div., | Bureau of ‘Eng., on 
complete design of highway bridges, 

‘Bridge and Sewer Div., Bureau of “Highways, on “investigation of “bridges, making 
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